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PREFACE 


Thr suhjrcl of Automatic 'l\‘lc|)h<»ny r(‘(|uircs wvy spt'cial trjMtmiMit, owiiifi; to tho 
infinite mass (jf del ail from which it is built, and the complicated circuits diaiLirams necessary 
to illustrate it. 

^ In tlie past the diagrams ha\(‘ ( ithcr Ihm'H fra»>nH‘ntary or so rcdiic(‘d \i\ siz(‘ as to Ix^ 
nniifU^lligihle wJkmi made suitahh^ for a book of ordinary sizt‘. tA en wluai fohha* she(‘ts 
hWve' Inxm used. no. or oul\ slmht. att(“m])t has Ix'cn mad(‘ to simplify tla* diagrams, th(*se, 
in most cases, b(an;» r<‘|)rodu(‘t ions of t he manufact urers' diajirams. 'Tlu^ ]att(‘i‘ are liood for 
th(‘ expert, or one familiar with tlu‘ s\st(‘m. but an* r^i’cly suitabl(‘ lor the st ud(Mi1 or learner. 

This l)ook Jias foi* its ol',j(‘ei,s tlu^ making of this most comph x subj(‘ct intc'lli^ibh^ to 
any on(‘ havin<i soiiu' (‘lectrical know h‘djjj(‘. and that, not by writing (h^wn to the learner, or 
^ivinc scrap diagrams for (‘ach f(‘atui’(‘, but by reairanging th(‘ <liag?ams eliminating un- 
n(‘c(‘ssary crossing lines, simplifying the form and b\ disaling lh(‘m into s(M‘tions vvlnai 
nect‘ssary. or continuing tlu*m s<‘ction by s(‘cfion. in such a way as to show tlu‘ r(‘lationship 
and i?itej‘eomic‘ction t>f the s\st(‘m as a vvhoh*. 

Thj'^ result is greatly facilitat(‘d by a new UH'thod of d(‘scri))ing the diagrams, vvJiich 
(‘onsists in numb(‘ringa circuit from end t<) end with the satm* symbol, so that eac‘h eircuil, 
can ))e readih’ tracc*(l. '^Fliis tm^lhod was designc'd by the Author some Nc‘ars agc^. and lias 
been used in Patent Specilications. but to the best of his knowh‘dgc hav not Ixxmi uscrxl in 
lxx)k foi’iii. This aja’angcmicnt has been calh‘d /e/.s- vonthnj. as it r(‘sc‘mblcs the bus route 
minibei's used in ma])s of London to show' tlu‘ I'outc* takcMi by a bus from terminus to ter- 
minus, 'I'his device' also allows of a simpler and bried'er dcsei ipt ion. 'Idi(‘ circuits arc‘ taken 
intlu ordei’ of opcM’at ion and mimbeted progressively, so t hat t lu' c'xpc'rt cjin j;(‘ad the diagram 
with only cx-casional j’ch'i’CMicc' to the* t<‘\t. 'Fhc student will follow the t(‘\t more* carefully, 
tind the* ]'casoii for the* jicculiai it ics <»f t lie circuit, and tlu‘ reasons foi' th(‘ [)articular device's 
or ])arts. and their fmudions. 

This melliod of d(‘signating circuits makes unnec(‘s>aiy th(‘ sciap. <a‘ oiu' fc'aturi*. 
diagram. Thc'sc' are sometimes mish'ading as they eliminate the associated circuits and 
show the fealui'c' out of jxa’spect i\ <•. and thcM'C'by exit of |)roporlion, b(‘ing analogous to 
(pioting or extracting a pai-agraph or sentence' from written mattea*. aiid losing the* uiC'aning 
it ])ad wheai revul with the' conte*xt. 

The inc'rease'd size of the' page allows of the' diagrams Ix'ing drawn to a comj)araiively 
lai'ge scale', so that they can Ix^ read with c'ast', Folch'r sheets have' he'C'n (‘liminated as far 
as j)ossible. For loiig diagrams, showing a systi'in from e'lid tc) end, where* ]X)ssib]e the 
diagram htjs bex'ii diviTh'd into sex-tions. The breaks in the* continuation line's have their 
ends marked \jith the^'e-irciiit nimiber, so that the gaj) can be bridgc'd jc'adily. 
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Folck'is iir(‘ used wiicn lln* circuil (liaj^rani is unsuitahlo for division, and such sheets 
oidy fold in on(‘ diic'C'lion. 

The* I'clays ai(‘ drawn with the contacts away from the* windinj^ in many cases, hut the 
contacts ar(‘ always kept in lim‘ with the' c‘ore or ccMCtrc* of the* winjin^. This j)revents the 
confusing ciossinj; of linens that freepa-nt ly causcss a diagram t^ look more* complicatc'd than 
it i(‘ally is. The ^h<^l‘t donl»lc lin(‘. ca* single tliick line, is always t4u‘ moving spring that 
traveds towards tla‘ coil when tla* coil energised. The moving spring thcai Un^aks from a 
hack (‘(intact, and makes with a front one, and the like. lie, lays slow lo^ de-energis(‘ ))v 
having a massiv (‘ l ing of cojiper on iht‘ core arc* sh<n\ n w it li 1 lu^Jower part of 4 he eon* sh 

Ih*la\s and magnets aiv d(*^ignat(*d hv the* cii'cnit symlk)!. which is prc'tixc'd hy thc^ 
letter- W oi M |■(‘spect i\ el \ Tin* mannfact nr(*rs' d(‘signat ion.s arc* also givc'n in the* more 
important diagra ins 

'The* lic‘ld (‘ovc‘i‘c*d piacticallx the whole siihject of Automatic T(*li*|)hon\ . and this is 
only made* pract icahle h\ t he* Use ot condc'iised mc'thods 'The im))oi tant circuits and arrange- 
Juc'iits ot the jMincipal standaid or c‘ommc*rcial systc'ius ai‘c* ilhistratc*d and dc‘serihc‘(l. 
Ohxioiisly the dc‘tail which is common to all l'^ not sh(n\n. hut repi-es(*ntat i\ c* (*\am])i(^s are 
takc'ii from (*ach. and some (halt with m dc'tail on (Uh* s\stc*m rind oth(‘i‘ features in mcSi’c* 
detail on ot her systems 

Particulars arc* .dso gi\en ol ^ysicgns which are not so wc'll known, hut which gix’e such 
promise* that it is rc'asonahh* to heliexc* in the future* the\ may lind a place* in juihlic iix*. 
'ldi(*sc* will Ik* intcM'sting also to the studc'iit or inv(*ntor w ho desiri's to (‘ntc*i‘ into tlie spirit 
ol automatic design 

.\rrangement s ,ind dc\ icc*s ot W(‘ll known manntactnr(*rs and mxentors. whi(’h haxc* 
hecn designed to till a known r('(pm c'lnent hut have not \('t h(*c'n introduced into pnhlii* 
serx'iee. arc* also show n 

I ndec'd. the hook in addit ion to descrdiing t he wc‘ll-know n s\ stc'ius cl(‘.irl\ and sueeinetlx 
also amis at indi(*ating the po'^sihle tr(*nd of future* (1(“\ c*lopment s 

ft is felt hy the Author th.it the* sulpect of Automatic 1'c‘lephon\ i* in a more* mistahle 
condition to dax th.in at an\ period ol its c‘\istc*ne(’. It is in a state of llii\, and the* ([iu*stion 
of “standardisation must he* jiost ponc'd loi* sc*veral \ears. at lc*ast The* \\c*st(*rn Kle-etne 
(d.. with its " Pane'l sX'^lc'in composc*(l of aOU line* •^witehc*s. eh.dlenge the world lh.-it 
that is the* onl\' efiieie'ut t rattie-eari x ing mc'dium foi’ the gic*at eilie-s of the world. ()th(‘i 
(|(*signers ynust i;ic*et that ehallc'iige. and we* have the* battle* of large and e*\pc*nsive swilehe*^ 
rri'sH.s small switches, with e»r witlieait '^pc*c*ial wiling sehc'ines. 

d’elephon\' has alrc*a(l\ pa''St' 1 through twe* great phases and is (*nt(*!-ing the* sc'cond 
sc*elion of a third, x i/. , magnc*lo and local l)attc*ry woiking . c‘omme>n hattc'ry with lamp 
signalling, and Automatic or machine switching, the* two formc*r heing manual systc'iiis 
and the* latter c*liminating the* hi man fac'tor c*\cept for s)K*eial serx ic(*s. 'The* first sc*ction 
of t he 1 hire! phase is t he* use* of I tMt and -tM) ijne sw itches, t he forme*i‘ h(*ing a dc*eimal syst(*m 
and the* laltc*r a non cl(‘cimal .systc'im ddu* second sc*ction is the* accc*ss to vc'iy large* groujis, 
r.c/., I line's 

Owing lo the incessant change, the c*ontinuous adv(*nt of nc*w dex c'lojimc'nt . it has hc*(‘n 
felt nec'esKHVy that a nc*w hook on this suhjc'C't, that aims at heing ke'jit up to elate*, must 
have spc'cial faeilifies for eliiiiinating ol)sol(^te ma1?tt*r, foi- putting ohso|(*seent fe‘ature*s in 
their proper relationship to tliex whole*, and for readily adding new developnu'nts as th(*y 
apj>ear. Instead of the usual (^hapfei\s the* heaik is divided into short ^A st*etioii 
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is ni(*r(*lv^ a division A\hicli ina\ contain one or several |jir^e>, and may doeribo one fealine 
or a system. It will contain such maU(‘r tli^t may readily be replaced by new. if it should 
become of littl(‘ value or la* abandoned. 

Th(‘ Author dc'^sir(‘s to exjax'ss his ii|<lebtedn(‘NS and thanks to idl thos(‘ w ho hav(‘ assist tal 
him by furnishing- intere.stin^ luattei* . part i(MiIarly to Sii* W illiam Sliniio. late Kn<^ine('r in 
(■hief, (r.JVO. : Sir William Xoble. Ahauber of (ouneil. Institution «)f Kh'cti’ieal h^njiineeis, 
f]n^iiK‘(‘i' indjiii'f, (bP.O. ; the Ollieials of \Vest(‘rn Kleetrie ( o . Aulomaiiit Khadi-ie Co. 
Automatic Tel('j)hone Manujaeturinu Co.. Siem<‘ns lUotheis A Co.. Ib'la\ Automatic d'clc- 
])F\()ne ( o.. Co\ entry Automatic Tch'phoncs. Ltd., and man\ IricmU w ho hav(‘ civ(‘n valuable 
assisfanc(‘. 
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The State of the Art. — Antonmtic switching ol tclcplioiic linrs in an oxohangn area 
is the only ellieieiit and t^onoinical nietliod of interconnection. 

• Manual switching lias stTved its day well and faithfully, hut it has (h'jiended for its 
success as largely.on the orgaiiisatioii and drilling of the human factor as on the machine. 

* The trallic growth in hirgt* multi oftict* exchanges or areas : tlu^ necessity for the* correct 
selection of suitalne circuits for transmission etlici^^ncy : tin' vari(*d and complicated services 
required : tlu‘ jiromjit and highly (‘(licient service called for hy the ])ul)lic : the increasing 
difliciilty of obtaining a good class of operator, owing to the o]>ening up of (►ther spluTes of 
usefulness to women, among other reasons, have all hel])ed to sound the death-knell of 
manual working- exi*e])t in small oHices - and proclaimed the necessity for machim^ 
s wife king. 

Automatic switching i'^ a long way lM‘y<md th(‘ (‘xjMTimental stagt‘. It has proved 
itself capable of meeting all th(‘ conditions of modern business and social requirenu'nts. 
aiid that, in a manmT. the manual s\stem could not touch. Its untiring aetivitit*s for 24 
hours of the day, its reliability, its exactness and corrt^'tness of ojieration. its (‘ajiabilities 
for meeting abnormal rush(*s of trallic. all place it on a ]»latform a])art, as the only hopi' 
and stay of the busin(‘SN and social coiniminity. 

Financial and political reasons in the jiast have greatly ham])e]’ed its devt^lopinent — 
and that, ])articularly. in the rnited Slates of America, which is usually held nj) Ixdore us 
as a ])att(Tn of tcle[)honi<' efhci(‘ncy. The American Telegraph and Tele])hotU‘ Co., (‘ommonly 
calk'd th(' “ B(‘ll.' has. until (luite lately, refrained from installing and k‘ft the (k'velopnu'nt 
of th(‘ automat i(‘ system to tlu' ‘‘ ind<‘]H*ndent ‘ o])(‘rating com]>anies. 

The syst(‘m of tin* Automatic Electric Co., of (4iicago. the St ro\sg(‘r,'’ is jiractically 
the only system used in the States. Jfut th(‘ experience of that Company has been unfortu- 
nat(* in many respi'cts, due to external inlluenccs. With amazing energy and foresight it has 
develo})ed the souU‘\^hat crude and enmbersonu' systc'm, invented by A. B. Strowger iji 
1<S89, into a comjiaratively simple and highly ellicient system, capabk' of meeting all traltic 
conditions. For this Mr. A. E Ki*ith, tlu'ir chief engineer, is larg(*ly responsible. Their 
syst(‘m has heen installed in many of th(‘ gn'at cath's in o]q)osition to the “ Bell ” interests, 
but in some, c.y.. San hVancisco. Cincago. Buffalo and Los Angeles, the opposition lias been 
too much for them and these automatic installations, the largest installations in the States, 
liavt* Ix'cn acquired by the Bell interests, and in some (;ases the* automatie equipment has 
Ix'en abandoned. 

The Strowger system has been installed and is ajipn'ciated in nearly every country of 
the world. 

Tlu' American Telegraph and Telephone Co., while refraining from introducing the 
automatic system commercially, have been for some' years, through the W(‘stern Electric 
Co., developing a syst(un technically, and, it is believed, will shortly begin replacing the 
present manual plant. TJieir rotary ’’ system of machine switching i^wxdl known in this 
country. It is expectexl, however, that they will put their “ Panel '^y stem with 50()-line 
switches on the market soon. ^ 1/ 

The Automatic Telephone Maiy^ifacturing Co. of this (country use the Strowger (Auto^ 

A.T.S. 
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matio Electric Co., C’hicago) system and have lately introduced a self-propelled rotary line 
switch, inst€»ad of the Keith line switch, which greatly enhances the value of their system. 

Siemens and HalsRe, in Germany, and Siemens Brothers & Co., in this country, use a 
modified Strowger design. The latter companj^ have made mai^y important modifications, 
and now ])ossess a very original and efficient system. 

The Relay Automatic; Telephone Co. have made a departure from the beaten track, 
and advocate the use of relays anh/ for installations of all sizes. They haVIe a number of 
small exchanges in operation. • • ^ 

Th(‘ I jorimer system has been in use in .some towns in Canada for a cor^sidcrable nnm))er 
of years, aiid it has be(‘n fitt(‘d in Hereford in this country. 

The work of the North Klectric Go. is not known in this country, hut their auto-manual 
(s(*mi-automatic) systojn has h(‘en installed in a number of towns in the Ignited States. 

('oventry' Automatic Telephones, Llel., are alxmt to e\])loit this system and have 
arranged to instal an exchange' in Dundee. 

The American Automatic 'IVlcpheme Gei.'s system is ned kne)wn in tliis country. 


The use e)f large' instc'ad e>f small switchers is like'ly te> he* an impe)rtant and me)mentons 
questiem in the near future. 

The' Streiwger system use's lOO-iinc swite;hes, with the line contacts in Id levels e)f Id sets 
ill the are. a se't e^f wij)ers being steppe^el up te» the reepnred level. ^ 

The We'stern KU'ctrie (’e). use* a 2dd-liiie switch with Id leve'ls of 2d eontaets in the arc. 
There are 10 se'ts ed hrnslies, the brush associated with the re'quired level being tri})peel inte) 
engageme'iit. 

In the W. E. Co.’s panel syslein the switch has five gron]>s of 100 sets of iernniials, 
with a set (d wipers associated with each. The wij)ers, of a particular s('t, arc trip})etl into 
('Mgagcment, and then stepped over line contacts. 

The Relay Automatic Telephone (V). is advfU'ating the use of n'lays only for the connec- 
tion (d a calling line to one of a grou]) of trunk lines. 

In the Strowger systt'in, obviously, a calling line can have only a(;cess to 10 suh-groiips 
('ach of Id lines of outgoing trunks. I’he traffic, therefore, from a number of lines must he 
measured tg suit tlie carrying ca])acity of Id outgoing trunks. Then* is thus snh-division 
of the outgoing trunks into suh-grou]>s of ten lines. 

In the Western Electric (1),'s system there may he siih-divisam into groups of 20 out- 
going trunks as there are 2d eontaets in a level. In their [)anel system there are 500 con- 
tacts, and therefore five groups of 100 trunks available to each incoming line. 

The sub groups of outgoing lines, as above, are Kt, 20 and I0(h U) which each incoming 
line has a(*cess. * 

It is known that t he larger t he grou]) (d* lines, tlie greater is the tralhc carrying capacity 
of each line of the group ; therefore a 2t) line group is more efticient than a 10, anrl a 100-line 
group is very much more efticient than either. 

Against this efticiency there has to he placed the greater cost of the switches, and their 
maiutenanee, and t<m increased dilfu nlty of routing a call. 

It is possible tflit small switches, in combination with a special suh-division of the 
trunks, may he foun(^. <piite satisfactory. ^ 

The problem is one of the most interesting before ^-eleT)h one engineers at the moment. 
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Section 2 

A FEW DEFINITIONS 

• 

The Exchange. ~ Originally the term exchange was used to designate the inter- 
communication system (i^^er which a subscriber had the right of connection for a given sum 
^aid. The exchange was divided into switching rooms for the convenience of the exploiter, 
or provider of the system, and the telephone numbers were continuous over the whole area. 
As the number ^)f subscribers grew this became impractical)le without using numbers of 
many digits, which were difficult to remember or reiieat. The capacity of the manual 
switch board was, thendore, adopted as the highest telephone number, and these numbers 
were prefixed by the names of the ditfenmt switch rooms or ollicos. The switch room, or 
office, was very generally known thereafter as the (‘xchange. 

With the advent of the automatic system of working, it seems advisable to ri-vert to 
th^ original definition, as the telephone numbers now run consecutively over an area, and 
the system is again divided into switch rooms, or offices, to suit the ecomimical distribution 
of the plant. 

We have, tluTefore, a fiuh-Malioti at the subscriber's office, which may consist of one, 
or a plurality of direct lines, or a small swit(;hboard. • 

An offica which is a sub-division of the main plant. 

An exchange or multi -office system which has a common numbering scheim*, a nd over 
which full interconnection* is obtainable for a given sum to lie paid. K.xidiaiiges are connected 
together by trunk or toll lim^s, for which an extra fee is to be charged. 

The Plant. — A preselector is a switch that automatically selects an idle line of a group 
when the receiver is lifted, /.c., ])rior to any digit imjmlses being sent. It is therefore some- 
times called a pre-digit or non-numerical switch. It may be either a calling-line finder, ?.e., 
has a backward hunting motion, or a trunk finder having a forward hunting motion. 

Secondarg preselectors are generally used in combination with the former, wdiich are, 
therefore, known as primary prejielectors. 

The primary preseh'ctor, when one is associated with each calling line, is frequently 
called a Jim s milch. 

Ow ing to the use of conqiaratively small groups of lines and the consequent sub-division 
of the trunk group, the number of trunk lines and first digit switches to which tjie trunks 
are wired is excessive. iSecond [ireseleetors are therefore interposed to reduce the number 
of first selectors recpiired. The second jireselectors may be of any of the forms described 
for first preselectors. 

The 8trowger-Keith switch is a true presek^ctor, bt^cause an idle trunk has already 
been assigned to a potential calling line. When a trunk is taken into engagement the 
master switch moves all })lungcrs of calling lines to a jioint opposite the next idle trunk. 
The Siemens switch hunts for an idle trunk after the receiver i.s lifted. 

In the Western Electric CVi.’s system the preselector is of the call-finder type, and hunts 
for the calling line after the receiver is lifted. 

In. the Relay Automatic Telephone Co.'s system the relays instai^tly connect a calling 
line with an idle trunk. Common relays control the instaiitaneou^operation of the con- 
necting relays. • f 

Selectors or (h'oivp Selectors . — ^Tkese automatically select an idle line in a group of lines 
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correeponding to the impulses composing a digit sent from a dial sender. , Tliesc Jiave usually 
10 levels which are 10 sub-groups of trunks, corresponding to the digits 0 to 9. 

In an installation ‘there may be first, second and third selectors, or even a fourth 
according to the size* of the excdiange. One selector gives a capacity of 999 lines, two selectors 
9,999, and three selectors 99,999. The two last digits in each case are taken by the connector. 

In the Western Electric (V».'s selector the first and se(!ond thousands, and the like, are 
taken by the same selector. 

( 'onnectors- Thes(' arc sometimes calk'd the /f/m7 switches because they are associated 
with the tw'o final digits of a subscriber’s number. One digit (‘ontrols the Ji^opping up of the 
wipers to a particular level, or group of ten lines, iii the Strowger switch, and the last digit 
Rte})s the wipers round to the particular unit. 

In the W. E. Co. s 20(»-line fijial switch, tin* tri])[»ed wiper connects in the left- or right- 
hand half of the 20 contacts of a level, according as the digit is an odd or ('ven number. 

The mechanical construction of a selector and a connector ar(' very similar. 

A selector is sonu'times causcHl to res])ond to tw'o digits for the two movements of the 
shaft, and is tla'ii c-alled a s('lecfor-con)KHor. or a Iwo-dujit twelve for. 

A (connector is sonu'times <*ause<l to automatically s(‘l(‘ct an idk^ line in a group chosen 
by two digits — as in P.JhX. working. It is then called a rofary con ne, dor. 

The selector and connecdor ar(' provided w'itli tri yers. })rushes or arms, wdiich sweej> over 
tlic contacts to find a desired line. 

The contacts ar(‘ arranged in hanj^'s maik' up of a plurality of row's or levels. The levels 
liave usually three contacts j>ei' line, which may be grouped in parallel lines, or the two 
talking contacts may b<* one ov<t tlu* other, in oiu' bank, and the test contact in another 
bank. 

The tirst prc'selectors in th(' Strowger systt'in are arranged in 199-liiu‘ paiuds, or units, 
with the connecdors for the same subscribers’ lines iitted in the rear. I’sually ten tin' fitted 
on each 100-line unit with ca])acity for 15, to allow for tralfic growth, and for trunk -olfering 
and testing connectors. 

Lines.- A line is a complete' metallic circuit and is made u}> of a.n A and a E wire. 
The A wire is that w Inch is (lonnected to the earthed, or j)ositive, ]>oIe of the battery w hen the 
line is idle. The B wire is connected to the negative pole of the battery. 

When the line is between swatches in the saim* office, there is a third wire called the C 
ware, or the guard wire. 

The designation of the lines interconnecting a])paratus at different switching stages, 
whether near together or wide apart, is somewhat confusing. 'Phe American generally 
speaks of these as trnnks, which }>racti(uilly is equivalent to our jnmiions. The author 
pleads guilty to using both terms for the same thing. 

The term trunk or junction is therefore used for circuits between apparatus at one 
stage and apparatus at another stage. For example, the circuits betwt^en first and second 
preselectors, second preselectors and first selectors, first and second selectors, second and 
third selectors, and third selectors and connectors, arc all trunks or junctions. When any 
of these circuits are between two offices, they are termed inler-oj^ke trunhs or jmictionfi. 

Very commoniy^ ,^^he lines between exchanges in this country, and for the use of which 
an extra charge is mad ' for each conversation, are know n as trunks. For these the American 
t'^'rms toll line or long-aisfance line is used. 

i. ’ terms will be defined wdien dealing with particular systems. 






6 


FIltST PRINCIPI.es 


Sectk)n 3 

FIRST PRINCIPLES 
« 

•> 

The obje{!t of the telephone exchange iw to connect one of a* group of lines to any other 
one of the same group. In manual tele})hony an operator, in response to a signal, connects 
one end of a flexible cord to the caller's line and, after learning his requirements, connects 
the other end of the same cord t^ the line of the party desired. When conversation is 
flnished, a signal is given to the operator, who removes the lenqjorary connection between 
the two lines. The automatic switch is ])rovided to make and sever connections without the 
human intermediate agency by electromagnetic means, under the control of the party 
desiring the connection. 

In a group of 10 ])eople desiring automatic intercommunicatitm, 10 switches will be 
required (Fig. 1), each having 10 sets of contacts and a wiper, or flexible spring, ca])able of 
being moved stej) by stej) by electromagi letie means, according to the number of times the 
magnetic circuit is opened and closed. In a metallic circuit system there will be three layers 
of 10 contacts, arranged in 10 sets of three. Two contacts of a set will be associated with 
the talking circuit, and the third will b(‘ the lest ciixmit by which, when a line is busy or 
engaged, the circuit to the wipers w^ill be held ojien, and when the liin* is idle, and therefore 
ready to receive the offered connection, tlu‘ wi}>er cinmit will be conqileted to join 
the two lines tog(‘ther, Thert‘ are three Avipers corr(\sponding to the three contacts or 
terminals. 

An incoming line of the group is connected to the line wipers of cacdi switcli. In the 
line circuit is a relay which responds to impulses sent by the caller, whit h repeats thest‘ to 
the stepping el(K‘tromagnet. The corresponding terminals of all tlu* switches are conm^cted 
together by insulated wire. Each set of three wares is eoinunded to its associated subscribers' 
line through a normal contact, represented in the diagram by an c'xtra contact placed at the 
beginning of the arc of contacts, on whi(‘h the wiper normally rests. It will be noliccii that 
this contact is connected to a different multi])le line on eaeb switch. When the \\ii)er moves 
from this contact, the multiple lino is entirely insulated, and should, therefore, test as busy. 
The caller’s multiple must not be made u.se of whilst he is seeking connection with another 
party whose multiple Avill test idle if the wi])er of his switch is on its local, terminal, or normal 
position. 

If No. 1 desires to talk witli No. 5, he will lift his receiver, and ])y juessing a key. or by 
other siiitahle m(‘ans, o})en his line circuit five times. His line relay will cause the eU*ctro- 
magnet to step the wipers round to the fifth set of contacts, when, if the line is idle, connection 
will be completed with the party called. The called party may be rung in any suitable 
manner. * 

When the receiver is re]>laeed after conversation, a release magnet will allow the wijier 
to be rotated to the normal position. 

Fig. 4 shows a small switchboard for five lines. A connector is associated with each 
line. Each two-Avire line connects through relay contacts to the wipers. 

All the lines of the group are multiplied together on the banks of each switch, and the 
test circuits are simfcirly multiplied on other (the uj)per) banks. From the line side of each 
switch three wires carried to, and attached to, th^ multiple wiring, two wires to the line 
multiple, and one to the test. Wlien a call is made, Si^y by No. 01 calling 05, No. 01 wipers 
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are rotated to the fifth set of terminals on the hanks, when connection is made over the 
multiple to the threl* wires connecting directlf with the line of 05 ; that (jonnector then being 
tagged on to the line, but insulated therefrom. Both lines are made busy to other calls. 

In a 100-linc exchange the connections^ would be similar, but the connector would have 
vertical and rotary movenfent. 

To increase the ca|«icity of the installation it is necessary to increase the size of eacih 
Switch, and again provide one for each line. The usual way of in(u*t‘asing the size of such a 
switch is to provide a ])lurality of levels (/.e., 10 sets of three terminals), placing them one 
over the other. ^An additional (*leetromagnet. is required to first ste]) u]) the wipers to the 
required level of tens, and then the wipers are rotated to the required unit as before. 

The tens digit impulses formerly were sent over one wire of the subscriber s line, thiMi 
one impulse over the other to change over the circuit to the ndary magnet, and then tlu' 
units impulses were sent over the former wire. 



As the connector for 100 lin(‘s is an expensive piece of aj)])aratus to associate with each 
subscriber's line, it has becom(‘ the standard ])ractice to associate a cheaj) rotary switch with 
each line, these having acicess to 10 100 line connectors. 8uch an arrangemeni is shown in 
Fig. 2. Th(‘. line switch ItLS is drawji in the same manm^r as the lOdine conmctftr (Fig. 1), 

but ill this (^ase it is a rotary preselector, Le., whim the receiver is lifted the wipcTs, under 
interru})ted electromagnetic control, continue to step from terminal to terminal until an idle 
line is found, independently of any action of the caller. W hen an idle (‘onnector is found, 
they come to rest, so that the calling line* is automat ii^ally exteiuhnl to th(‘ wipers of a con- 
nector. Each connector has the total lines multiplied to its banks, there ])eing 10 levels of 
10 sets of terminals, with the corres])onding terminals on each switch multiplied together. 
In Fig. 2 line No. 0 is siqiposed to have called, and the line switch has found an idle line to a 
connector on the seventh terminal. The tens digit inqmlses are now sent from the dial 
impulse-sender on the subscriber s instrument, and the wi}>ers are raised to t he corresponding 
Icvek c.j/., 7. The units digit impulses are then .sent and the wiper atlated step by stej) to 
the corresponding terminal, e.f/., 7. Hiis terminal has its mu]ti])lef\viring connected back 
to the subscriber’s line 7^, as indicifted by the symbol 0. When the re(;(Mver is rejdaced, the 
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line switch wipers return to nornml, and the eonne(‘tor wip(‘rs hrsl are rotated counter- 
clo(‘kwi8e under spring control, and tlien fall ffy gravity to the normal position. 

in a 1,000-line exchange there may he 10 groups of iOO-iiiie switches as just described, 
each gronj) having access to 10 first selectors, each Kwel of the hank>* heiijg multiplied to 10 
100-line (ionnector>. in this case tluTc would be 100 first selectoVs. As these are expensive 
switches, it is found more economical to fit second preselectors, and reduce the number of 
s(‘lectors to .lo to 70 as rc'quired. 

Fig. 3 show'^ the use of first and scc<md ]>reselectors in a 1.00t»-liue (*xchange. The first 
vertical row of swilclu‘s rcjwesents 10 gioups of lOO-line switches or first ]|^ese lectors. Tfie 
second row re[)Te>t‘tits second ])r( ‘selectors, which reduce the truirk or inter'connecting lines 
from loo to r>0. The latter figure has been chosen simjdy Irecause it can be readily indicated 
in diagr’am. to whicii gciier'ally the aiTangcmcnt do(‘s not l(‘nrl itself. Two 100-line groups 
of first prest'Iectors are not merged into one group of second pies(‘leclors, as shown, ])ut all 
the lin(‘s from the first switclu's are distributed over all the s(‘cond switches according to a 
spt*cial formula, vhich is de.scribed elseu h(‘r(\ To simplify the diagram also, the selectors 
are shown lying on their si<les, with tin* shafts horizontal instead of b(‘ing vertical. Each of 
the tim levels connect to l(t connectors, each In being associated with a ditferent 100 lines of 
the total l,00(t. 

\V(‘ w ill assumi* a call being nuffle b\ Xo. I (Mi for oTti The rec(*iver having been 
lift(*d, the line swileh, as shown, has found an idle line on the Iraith terminal, and extended 
the ealling line t<» tin* wijier of a second preselector, vvhi<'b fiinU an idh* line on the first 
terminal, so that the callers line is (‘xtendiMl to an idle selector without any further act on 
th(* part of tlu* eall(‘r. H(* now' sends the hnn<ireds digit tix'e l)\ tin* impulsing dial, and the 
shaft sh. is lifted sti‘p by st(‘}i to tin* fifth lev<‘l. 'I’he wipers Iluai antomalieally, and without 
his control, pass from t(‘rmiiial to terminal until an idle liiu* to that parlieiilar group of 
conne(dors is found. The tens digit i^ now eallefl, and tin* siiaft ^7/' is stepj)ed uj) from tin* 
luu'inal position to the seventh level. The units digit is n(»w called, and the v\ipers are 
rotated und<‘r dial control, until tlu'V reaidi the sixth terminal, w here they emni* to rest and 
join the lines together. The eireiiit just described is identified ))y the symbol 1. When tin* 
ri‘e(‘iv(*r is replaeefl. the line swit(‘hes return to normal, as before di^scribed. The s(‘eoiid 
preselectors may oi* may not r(‘turn to normal, depending on the system emjiloyed. Tin* 
selectors return in tw(> steps in tlx* same manner as the eonneelor^. 

In a Id.tMMi-linc system, thi‘ arrangement is similar to that Iasi described, with the 
addition of a groiJ[) of selectors between the seeoixl preselectors and tlx* s(‘l<‘etors formerly 
showm. The new scle(*tors are now know n as the first selt‘etors, and t host* show n in Fig. .‘f 
tlu‘ second vsclrctoi^-. The multipit* of tlx* first selectors consists of Id h'vels or groups of 
outgoing trunks, (‘aeh etuineetiiig to a different set of seeontl selector'^ each associated with 
a ditfertuit l.tMio lines of the total. The multiplying of the s(*eond selectors to connectors, 
and the mnlti])le of subscribers' lines on the latt<*r, is as before described ff)r Fig. 4. A 
caller now' first tlials a thousands digit to ojierate tlu* first selector, then a hiiixlreds digit to 
actuate tlu* second s(*lector, Ilx‘n tens and units digits on the eonix‘etor. 

In a KM), Odd lint*, or five digit (fid.dJMi), system (Fig. “>) still another selector is intro- 
duced between tlx* se<‘oixl preselector and tlu* former first selector. Tlu* ix*w selector now 
becomes tlu* first selcVtor, tlu* former first the s(*e(Hid sele(‘tor, and the one preceding the 
connectors tlie third s| lector. Tlx* .systi'in may consist of Id different otfiees. t‘aeh with a 
eajiacity of Id odd lines, or two (»r nu)r4* Id.fMMl units may be in oiie office. The first digit 
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called selects a l(),(H)0-line unit, the second a 1,000-line unit, the third a 100-line unit, and the 
fourth and fifth the tens and units, • • 

The suitch(‘s sliowji and descriUed are peculiarly suitable for a decimal system, but as 
will 1 k‘ afterwards described, the switches may bef?irranged for non-decimal calling. The 
arrangements shown may be modified by wiring expedients Uf give a greater number of 
switches when requir(‘d to enpe^ with a lieavier calling rate. For ex^juple, the third selectors 
may have the multi})Ie length on the hanks divided and so give access to 20, connectors, (x 
t‘ach nnilii]>le haigth of (ircuit may be divided one by one as recpiired to meet traffic growth. 
For example, tlie multiple connected to No. 1 terminal on a level may be halved, and eafth 
half joined to a connector, when the connectors for one group of 100 lines will be increased 
from 10 to 11. No 2 terminal multi])le may then be divided similarly, and the connectors 
increased to 12, aiul so on. Similarly, the first sek‘ctors with 10 lines to each group of 
second sehclors caiin(»t be suttieient for both a l,0(»0 aiul a 10,000 line exchange as shown in 
the diagrams, hut the multiple lengths may be divided in the manner described to increase 
the second sehvtors to any iiiimher required for the trattie. 

Instead of attejn])ting to increase the number of trunks from the tirst preselectors, it is 
generally ])referied to decrc'ase th(‘ number of suhseribers lines in the unit. Jn very busy 
exchanges, the Strowger line switch unit can he used as two 50-line groups. 
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Section 4 

DIAL IMPULSE-SENDERS ON SUBSCRIBERS’ INSTRUMENTS 

% 

The aiitoinatie switchTiig ajiparatus of an exchange responds to iiniiulses sent from the 
subseritiers’ offices. • 

* In the early installations, which were worked on what was known as the three-wire 




Kio. 0. A. 'I\ M. ('•). (A. K. (’o.) Dim. Switch. Fio. 7. Jnthhioh of A. T. M. (\>. Impulse Dial. 




Kill S. Siemens’ Telephone Divi. Switch 
(F itONT View), 


Fio. H. Siemens’ Dial Switch (IIeaji 
View). 


system, the iinjmlses were sent from the snh-statioii by a siiecession of short earthings of 
one wire of the metallic circuit line, to step a switch either viTtieally or in a rotary direction. 
Each train of impulses was followed by an earthing of the opposite wii*e for circuit-changing 
j)uiposes, to bring into einaiit the magnets necessary for the succeejiing train of impulses. 

In all modern systems the earth is eliminated and the impulse^^j are now sent by inter- 
rupting, or momentarily o})ening, the metallic circuit, completed when the receiver is lifted. 



12 DIAL IMPIILSK-SENDERS ON SUBSCRIBERS’ INSTRUMENTS 


In the Strowger system, the durathni of an impulse is from the l)egiiiniijg of a break in the 
circuit, ovt^r the re-make, to the beginning of the next l)reak. Until recently the duration 
of mak(^ and br(‘ak wert^ about equal, but in the later dials of the A. T. M. Co., the break is 

• now -bl of the impulse instead of -5. 
The Siemens' break is about *33 and 




the \V. E. C/f). about -12. 

The eireuit-changing is now 
effect(‘fl by special relays, whicli 
energise in the kx^^il circuit of the 
line or iinj)uls(' relay, when the 
reet'iver is liftixl. Such relays are 
made slow to de-iuiergise, usually by 
iiaving a mass (»f c()})])er surrounding 
the end of tlu‘ core, whicli acts a 
single turn to pnwiMit the rajiid de- 
magnetisation of tlie con^ These 
ndays energisi* immixliately after the 
inijiulse r(‘lay. and nunain energised 
whilst the forint*!' is de-energising and 



re-energising in res|>onse to the im- 
])uls(‘s, but d(‘-(‘nergise v\hen the in- 
ttTruption is Ituiger than an im])ulse 
break, or opt'iiing of Iht* circuit. 

This is not tht* invariabit* method 
of changing over. In tlu* Western 
Eli‘ctric ( o.'s sysl(‘m. a hmg inter- 
ru])tion of the circuit al the end of 
a train of impidscs allows a J'clay, 
made slow to <‘m‘rgise, to t'nergise 
and bring about tin* changeover to 
anoth(‘r registt^r. Other variations 
will be pointed out lat(*r. 

In tlu* earlv installations, the 


impulses were st*nt by keys or jmsh 
f)uttons. a plurality of keys being 


provi<led. one for each digit of tlu* hundreds, tens and units. These proved unreliable, 
as the subscriber could not be depended on to depress a k(*y the correc t numluu' of times, 
according to the digit. 


To the Strowger ( o. of Uhicago belongs all the cr(*dit for evolving the dial imjmlsc- 
sendcT, which is now univc*rsally adojited. It is ])raclically tool-])roof. and (‘ininently 
suitable for use by the geiuTal jmblic. Externally it is a rotatable disc* with a series of holes 
near the* outer edge through whicli tigur(‘s which represent the digits a])])ear. At a point on 
the path of rotation ^s a fixed stop. A linger is to be plac-ed in the hole corresponding to 
tlu* digit to be cadled, .\ul the dial plate rotated (‘lockwise until the linger comes against the 
fixed stop. The dial cifinot be rotated cuumter-clockwis^. The raU; of pull is of no moment, 
as the imjmlses are sent out as the dial rc'turns to normal under s]>ring control. 
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IllusiratioiiK of several dials are given as used by ditfereiit eoinpanies, but all have the 
same fundamental features. • 

Figs. 0 and 7 show th(‘ dial as made by the Autoinatie Telephone Manufacturing Co., of 
Liverpool, Figs. 8^and tlu' dial fis mfide by Siemens Brothers & Co., of Woolwich, and 
Fig. 10 three views of tlu* (Tial made by the \V\\sterii Electric Co., of Woolwich. In th(‘ two 
former, the figures are awauged 0, 1) ... I clockwise, t he second having a greater interval 
bbtwoen 1 aiuLthe lived stoj) for reasons to l)c explained. The W. E. Co.'s dial is arranged 
0, 1 ... 0 clockwise, for reasfms also to be explained. 


Section 5 


DIAL ADJUSTMENTS 

Automatic’ Tc’Ic’plione Manufacturing Co.'s dial. Figs. 11 and 12 give a ludtcr idea of 
the meehanieal aijangements and the relationship of })arts, tlu’ more im|)orlant pait^ being 
named on the drawing. 


Governor 

Springs 

Bracket 



Dial 


Dotted I show \ 
Course of Spindle 
from Dial. '' — ^ 

RatchetSprir^ 
Dial L^ckinfj, 


Number Plate 


< Interrupting. 

Cams ‘fm^erStop 


V. T. .M. (’o (Sthowokh) Dial. 



[mpulseSprtn^s 


^Extended Axle 
from Dial with 
Spiral Spring. 


Ebonite Stop 


^Pinion 

Bracket 


Fi(i. 11 . --Hear View with (’oNNEmNc; 
Strips removko. 


Kio. 12. “SioE V iew wu’ni Tejo 

MI\AI.S REMOVED. 


The folk)wing details of the adjustments and eonstrm-tion will hv of interest : — 

•When the dial plate is rotated the ratehet si)riiig should fall into the second ratchet 
tooth just as the front of the finger stop passes through the centre of the first finger liolc*. 

Tlie conical main spring should have between one and a half and two turns eouiiter- 
clockwise. The main spring bushing should raise tJie front shunt about of an in. from its 
opposing eontaet on the impulse spring. Thv shunt spring should h(^ so adjusted tJiat it 
does not cut into tlie main spring ])ushing, and should follow^ the imjmljc spring of an in. 
when in contact with it. When the dial is operated the main s})riiig n^ist. not bulge out and 
touch the governor hub and cause slow return. ^ 

The imr)ulse sr)rings •should break (’ontact at the instant the lihre. cam i)asses through 
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DIAL ADJUSTMENTS 


tlie tij)s f)f the sjmngs. The tips of the springs should not be opened in-order to reduce the 
friction, ))ut at the same time they should not ]>e so close iis to short circuit the contact 
])oiuts. Daylight should just be visible between the tips. 

The tension of the springs should be such thal the inner spring wijl follow the outer 
on(‘ until its end lines up with the up])er side of the fibre cam' "I'lie mate spring should 



A. 

Normal 

Position. 

B-Dial pulled! 
awau from Nor- 
mal Position. 

c i 

Dial Preei) 1 
to Return. I 

"j/and "Jz'' 
in Contact, 
"Sz" open. 

"JiTJz 3nd 

m Contact. 

interrupter 1 
5 prints | 

Cult. Pf, ' 

in Con tact [ 


Note “ assembled in cant 


Fkj. Iw. - a. 'r. M. (’<>. Dim- 1-mim i.-.i: I'o'^ition oi' Impi'lsio 

SlM(IN<;s |)| i;iN(. Oi»kk\tion, *V<’. 


behave similarly, Th(‘ outer sjuiiig -should follow the inner oik* wIkui it is deflected until 
its end lines up with the lower side of the him* cam. 

Idle impulse •-•springs should be deflected eipially when the earn is rotated by the finger 
plate. They should be fn*e of tin* cam centre an<l only touched by the cam wings. 



Fui. II.- A. T. M. Dim. (’iia i it kok esi-: in Worksuop. 

' The contacts are to be operated as shown in Fig. 13 at A, B, C. The shunt spring (to 
short circuit the telephone*) should not break prematurely. It should break just after the 
impulse springs have closed at the end of the digit. 

The most efficiofit operating speenl is 10 impulses per second with a maximum of 12 and 
a minimum of eight. \ The speed of dials should be checked on the (7mV -s’pm/ fitted on 
the lest desk. Such t^*stcrs should be fitted also wherc^dials arc to be adjusted. A suitable 
circuit, as used by the British Bo.st Office, is shown at 14. 
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The dial speed ^^ster can lie tested at intervals against a telegraph inker as follows : — 
An ink mark to correspond in length with four seconds is made on a tape. A fourth 
3 f this is to he taken as a standard. A, record should he taken, from a dial of 10 impulses 
From the digit (), dri a slip. , The length from the beginning of tlio first break to the end of 
the last break, when comjiared with the standard length of tape, will give the s])eed of the 
[^ial. The dial should be adjusted until the two lengths are equal. Tht' dial will then be 
running at a spt*ed slightly slower than 10 impulses per second. The dial should then be 
tiied on the dial speed tester and, if the latter is not correct, the k‘nglh of the ]>endulum 
should be adjustid ac(*ordingly. 

To adjust the s[)eed of a dial the governor wings should be slightly bent with a special 
tool close to the governor balls, so that the adjustment will bring (^ach ball to evactly the 
same distance from the inside rim of the governor cup. The governor wing must be adjusted 
so that the governor balls do not rub on the sides of the aluminium hub notches. There 
should be about of an in. play between the governor shaft ends and the agate Ix'arings, 
with wliich each bearing screw is provided. (Vire should i>e taken in turning the bearing 
screw into the lug at the worm end of the govi'rnor not to crush the agate thrust bewaring. 
The screw should be held tightly in the lug by the clamping nut. The bearing screw holding 
the governor cup should be in exact line with the g<ivernor shaft. The aluminium hub 
should not be rotated about the governor shaft as a slight pull is the jjroper test for loose 
aluminium hubs. To examine the governor generally, ])ressure should be taken off it by 
rotating the finger plate gnd holding it. Attention should be given to .end j>lay, correct 
shape and tension of the wings, and clearance between the governor ami main spring. 

The fibre cam should be set so that its mid line is approximately at right angl(^s with 
the line of the governor shaft. If the fibre cam is not set correidly, the jiinioii will have to 
be remeshed with the ratchet gear. This can be done as follows : — 

Remove screw from tin* bracket which holds the ])inion, turn the dial so that tlie dial 
locking dog is free from the })inion. and immesh both the ratchet and governor gears. l\irii 
the fibre cam to the j)r<n)ei angle, remesh the gears and replaia^ the screw. (Vire must be 
taken not to rotate th(‘ ratchet wheel while the gears are unmeshed. 

The fibre cam should b(‘ rigidly locked when in the normal posit ion, but if there is loose- 
ness between the worm wheel and the pinion, or if the locking dog is not ])ro])erly adjusted, 
this will not be the case, and the fibre cam will slip out of its norimd })osition when tested 
by hand and remain between the imjiulse sjirings. A test should be made to see if the cam 
is fixed as it should be, but as iv is set permanently into a rectangular base, only a slight 
pressure should be applied to it in order to avoid injury. 

One slightly bent worm gear tooth may cause the dial to stick. The pinion should be 
placed so that the tooth of its worm gear will engage about four-fifths of the depth of the 
governor shaft gear. The dial locking dog should strike exactly in the notches of the pinion. 

The ratchet spring should drop into the rat(*het gear notches when the dial is lightly 
j^orced back from 1 as ra[)idly as ])ossible. 
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Section 6 

DIAL. SPECIAL FEATURES 

• 

The Siemens’ Dial (Fi^s. S nnd 1)).- A di^finitu iiiiujimim interval bidween trains of 
ini])nlses is sucuri'd. Wlierc this is not |»rovid(‘d short trains of iinpiilst's, such as 1 . 1 . 1, 
may arrive before a frt'e selecting switeli has Ix^en found. To etfeet this interval the dial 
switch is provided villi tvo trains of ^ears. the ^^overnor train and the impulse train. Tl^c 
latelud vlu^el drivin^^ the governor train is fixed to the finger jilate and^ driven thereliy. 
Tin* init)uls<‘ tiaiii is driven ]>y a pavl monnt(‘d on a disc, the disc being loitaied lietween 
1h(^ driving \\lu‘els of the respiadivt^ trains. The pawl rtderred to engages the internal 
teeth of the ratchet wh(‘(T thus transmitting tht‘ drive to the disc, and subsequently to the 
impnls(‘ train in one dinvtion only. The disc is further provided with a slot, the ends ol 
vhieh t‘ngage a iiin on th(‘ tootli(‘d whei'l of tlu^Jmpulse train so that the governor coipes 
into action some lime liefore th(‘ impuls(‘ train. W'luai the dial is reh^ased the governor 
starts at once. Imt it is only after the j)in has jiassed to th(‘ other end of the slot that the 
impulse train is operat(‘d and im})uls(‘s begin. No matter how (luickly tht^ dial is operat(‘d, 
this interval must occur betw(‘(‘n suceessivi* trains of impulses. 

Th(‘ governor and the main spring have been made the snbjeids of special study and 
(h^sign, to give great r(‘guiarity in the timing of th(‘ inqinlses. Th(‘ impnlsi* sjirings an* 
normally lu'ld clo--(*<l hy the fibre, opening und<*r their own t(‘nsion. This assists gr(‘atly 
in securing (‘xact imjiulses. 

W. E. Co.’s Dial (Fig. lO). — 'Phe fing<‘r disc is mounted on a shaft and held against a 
stop by a spiral >pring. Wh(‘n dis])laced from normal tla* disc returns nmler the tension 
of the sjiind spring, but does so at a ])redetermin(*d and constant speed under the iuHueiu'o 
of a governor. A special loose disc at the centre is so fitted that tlu* linger disc may Im* 
mov(‘d forwai’d as ([uickly as d<*sired, tlu* governor being disconnected. 

1’he finger disc carries a s(‘ries of small teeth and one huge tooth, which ojierate in 
passing a contact l(‘ver ; the contact lever opens a contact, included in the line circuit, but 
only on the return movement of the fing(*r disc. I’lu* short interruptions of a train of 
imfmlses are always followed by a long one to mark the cliangc over. 
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Sectipn 7 

INTERCHANGEABLE DIAL 

• 

New Dial Impulse -lender with Interchangeable Impulse Wheel. — ^The joint 
property of A. T. M. C3o.,^^iemcns Brothers and \\\ E. Co. (Fig. 15). 

• The differcsnt systems in use require ditferent ratios between tlie times of making and 
interrupting the current impulses, and also a variable amount of lost motion in the impulse 
transmitting devj^e at the beginning of ea(*h train of impulses. 

This dial is constructed so that tlie cam or impulse wheel is interchangeable, and can 
be readily removed and replaced by one adapted to meet the particular requirements of the 
system in use, this interchange being made without affecting any other part of the apparatus. 

The teeth of the cam wheel and the ])aw’l operating tlu^ contact springs are formed so 
as to provide the required ratio bet^e'en the tinu's of making and breaking tlie circuits, 
anef the design also ensures that the pawl leaves tlie teeth of the' wheel w’ithout (causing 
any vibration of the contact springs. 

The cam wheel is provided wdth long teeth adapted to jirovide a considerable amount 
of lost motion at the beginning of the transmission of (iach train of impulses. Normally, 
the pawl is held radially to the whet‘1 ; when the cam wheel is rotated by the ojieration of 
the linger dial the })awl is rotated through a considerable angle before it rides over the end 
of the tooth w'ith which it has been in engagement. If the teeth are close together the pawl 
cannot slide far down into ‘the space b(‘tween the teeth during the continue'd rotation of the 
cam wheel by the finger dial ; w'hen, however, th(‘ hand is removed and the dial rotates in 
the reverse direction, the pawl will be dis])la(?cd so as to extend more deeply into the space 
in which it happens to lie. When the pawl has regained its radial position, the continuation 
of the rotary motion causes it to move iqiwards out of the space which it has entered until 
it reaches tlie level of the top of the teeth, wdien tin* first currt'ut impulse will he transmitted. 
The considerable extent of the motion of the pawl from the release of the finger until the 
beginning of the first impulse corn'sponds to a comparatively long interval of time. 

The shape of the t<*(‘th of the cam wheel detiTmines the eharacti'r of the imjiulses 
transmitted by the ajqiaratus. lAir instance, if tlie end of a tfioth is broad, the current 
will be interrupted for a longer time than if the tooth is narrow. All the teeth necfl not 
have the same form ; for instance, a very liroad tooth will cause a longer interrupt ion at the 
beginning or end of a train of impulses. 

Fig. 15 A is a view' of the dial as seen from the hack, B is a central section, C and Dshow' 
a modified construction of the jiawl. 

Schedule of parts with reference to the drawings : — 

1. Base plate. 

2. Spindle, free to rotate in 1. 

2'. ('ollar to prevent axial play, even when 3 and 4 are removed. 

3. Number plate. 

4. Finger dial, fitted at one end of 2. 

5. Clamping ring fitted in recess of base plate. Holds number plate ip position against 1. 

6. Cam wheel with long teeth, fitted to rear end of 2 and made readily removable. 

7. Pawl o])erated by 6. NormaHy held radially to the teeth and (piters deeply between 
the teeth. 



18 


INtEH( IIANGEABLK DIAI 


8. Screw fix(‘(l to I. about wbicli 7 rotates. 

9. Spring. * 

10. Stud secured fo 7. on which 9 presses. 

1 1. ( 'lock sprin |4 to counter rotaU* 2. 

12. (-asing tf> which fuie (Mid of 11 is lixed (other end to spindle). 

13. Ebonite stud on pawl. 

14. Spring contact with whicJi 13 (Migages as tlie pawl ridi^s over the end of each tooth 

during the return nioMMuent of cam w hc(‘l 0. Thirte(ui momentarily lifts 14 from 15 without 
sjirings vibrating. o 

15. ]\latc contact spring. 



2t). Hiackct on plate I carrying ab(.)ve It) to 19. 

21. Tooth(‘d w heel on spindle 2. 

22. Pinion with which 20 (uigages. 

23. Governor w heel on spindh' of 22. 

24. Cirovernor to control j’atc of interru|)t ions. 

25. S])indle spring attached at om^ end to w lu'cl 23 and w^ound round sjundle of pinion 
22. This sj)indl(* can rotate freely inside the sj)ring 25 when the dial is pulled round, but on 
the return movenuMit of the dial the sjuing tightens on the sjiindle and forms an effective 
clutch between the spindU* and th(‘ govcM iior w’he(‘l 23. 

Jn the modification according to G and D th(^ pawd 7 does not engage directly with th(‘ 
cam wheel (>, but b\' meaiiN of a- firojection 2(1 carried by the ])awd. 

rig. IG shows how a dial may be arranged with tigur(‘s and letters in the finger holes 
so that a number may be prefixed by a lett(T. (See also Fig. 139.) 
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Section 8 

TELEPHONE INSTRUMENTS IN AUTOMATIC SYSTEMS 

Fig. 17 shows a coinimon design of wall instrument, and Fig. IS a typical design of a 
table or desk instrument. * Any of the well known common battery circuits may be used witli 




l''n;s. 17. IN.— \V\LL AND TaBI.K iNSTJtUlMI'JNT (SIEMENS). 










AUTOMATIC TELEPHONE SYSTEMS 




Fig. 19 shows a|i Automatic Telephone Manufacturing Oo.’s circuit for a wall instru 
ment and Fig. 20 the same circuit applied to a table instrument. 

The instrument has no induction coil and an electromagnetic receiver is fitted in series 
with the microphone. This forms a verf^ simple arrangement and is highly efficient. The 
turns and self-induction of tlie receiver have been very carefully calculated. 

The circuits arc numfiered as follows ; — 

1. Bell in Scries with condenser for receiving incoming ringing current. 

2. Receiver lifted to initiate a call. Receiver and micro])hone in series through dial 
impulse springs. tThis is tlio impulsing and also the speaking circuit. The dial springs 2' 
are opened a number of times, corresponding to the value of the digit called. 

3. (-ircuit to line when impulses are being scut, receiver and microphone are short 
circuited. 


Bell Set. 



Mote. ModiHcntiori.s v for 2 purty Inn* vvorkui^j, unliiiuttMl rale : 

X-party — On bell set Mo. 1, (lis<onnecl slra|) })etwH*n lerininal E 
and LI. and earth E. 

\'-party On bell set No, I, diseonneet simp h^tweeii terminal K 
and LI, earth E, join A wir<' to L2 ami Jt wire to LL 


Fig. 21 shows a Siemens’ circuit for a wall telephone, and Fig. 22 the same circuit 
aj)plie(l to a table instrument. This has an induction coil with the receiver and secondary 
windtng of the induction arranged as a shunt about the microphone. 

1’iie circuits arc as follows : — 

1. Bell in series with condenser for receiving incoming ringing current. 

2. Receiver lifted to initiate a call. Microphone and 17-ohm winding of induction 

coil in series through the imf)ulse springs 2'. This is the impulse circuit and also the speech 
transmitting circuit. , 

3. (^ircuit to line when impulses are being sent. Receiver circuit open at 4', microphone 
• short cir(5uited at 3'. 

4. Speech receiving circuit. 
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tetj:phone instruments in automatic systems 



Kk.. 2;t. -W. K. Walk Tiolioluone (’nu. i;rr. 

Notk. Mcchtu al kmim iK'Ofrthary for 2*]»irlv lin<‘ worjcmg, unlimilrd rat«’ : 

\-]»ar1y — iJisconncoi plraji bet worn lormiiml JJ and K, rurth ifniiinul W. join A wir«' to tirniinal \/2 and B wiro fco JJ. 
\ -party — Disronnect straji botwrm trnninal Id and K and rarth t<‘nninal K. 


Bell Set. 

t 

— . \Bellwith 



Table Telephone. 

Transmitter 



Cords Flex, 


, Cord Flex, 


Cord Flex 


5^ 





'j 




Z'M 

3 

ili. 



*3 


Cable Enamelled 
and Flameproof. 



4<2‘i 

I \ ^CordFlex. , ,r — . 

Strip Flex. Core! Connection. Dial Switch 
4 Terminal. 

‘ 21. W. K. Co.’s 'I’ahlk Instrument ( lururr. 

Notk. Moditk-at loiih iu-it*ssary ior 2 -i»art 5 ' )inr working, nnlnnilod ratr : 

X-paity — On boll rrt No. 1. ditsconnoet .slraj) bo,tM'r<*ii trrininal E ami LI. earth terminal E, join A wire to tormiiial , 
L2 and B \(irc to LI. “ 

V -party— On boll sot No. 1. cliwonnort simp iK-tworn toiminal E ancfcLl and c^arth terminal K. 




AUTOMATIC* TKLEl^HONE SYSTEMS 


23 


Fig. 23 showH II W(\stoni Electric Co.'s circuit for a wall t(*lc]>hoiie. and Fig. 24 shows 
the same circuit applied to a table iiistrumenk These and the Siemens’ circuits are practi- 
cally similar, and the description of circuits J , 2 and 4 apply. 

3. Short eircujt across receiver terminals whilst impulses ar(‘ hcin^ s(‘nt. 


BellSet. 



Fig. 2r> shows a direc't exchange circuil fitted uilli ])reast])late transjnit1(‘r and head- 
gear n‘ceiver. The description of circuits 1, 2, 3 and 4 Siemens' a))])ly. 




THE STROWGER SYSTEM 


^ The Fundamental Switch is a Vertical and Rotary Stepping Switch for 
100 lines, with 10 levels and terminals for 10 lines in each level. The 
calling is on a decimal basis. 


THE I'ULLOWIXO FIRMS USE A aVSTEM BASED ON I’UB AHOVK: 

AUTOMATIC ELECTRIC CO., CHICAGO, U.S.A'. 
AUTOMATIC TELEPHONE MANUFACTURING CO., LTD., LIVERPOOL 
SIEMENS BROTHERS & CO., LTD., WOOLWICH 
SIEMENS AND HALSKE, BERLIN 
COMPAGNIE FRANCAISE THOMSON-HOUSTON, PARIS 
NORTH ELECTRIC MANUFACTURING CO., U.S.A. 
COVENTRY AUTOMATIC TELEPHONES, LTD., LONDON 
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THE aIJTOMATIC TELEPHONE MANUFACTURING C^OMPANY’S 

SYSTEM 

('ioliii'h emhf)(/les tha systfwi oj the. Antowufic Kler.tric Chirayo, fhf‘ irrfl knofou, Sfrotvger 

‘^ystnn). 


SWITCHING APPARATUS 

Switches having hoth vertical aiul rotary 
inoveiiieiit arc tlie outstanding feature of this 
system, operating on the deeiinal f)rin(M’pIe of 
calling. 

Tile f^ehxtor and cowneclor are practically 
similar switches, the former automatically st^lect- 
ing an idle line in a gioii]) after th(‘ shaft is lifted 
to a [larticular hwcl in response to the impulses 
of a digit, the latter res])onding to two digits and 
moving in the rotary direction steji hy st(‘p a 
distance according to tin* value of tlie final digit. 

This design of apparatus has ])rovcd most 
reliable in action and simple to maintain. An installa- 
tion fitted in Grand Rapids, 1 '.S.A., about is still 
in optu’ation and giving eviay satisfaction. The old 
plant is working on tlie 3-wire systimi, whilst the 
later extensions an* on the 2 -wire, which proves tlie 
fle.\ibility and adaptability of automatic apjiaralus. 
It would appear also that tin* lih* of automatic 
apparatus c.an be taken at about 2 o y(‘ars. 

•The Connector or Final Sw^itch. Fig. 2 (i 
shows a design only lately discarded with the relays 
assembled on the same mounting as the stej)]>ing 
mechanism. Three banks w^ert* sometimes us(‘d. the 
two lower ones being the line terminals, and the 
upper one the ])nvate or test terminals. In another 
design the whole of the line terminals were assembled 
in one bank and the test terminals 41 a bank above, 
as shown in figures 20 and 27. 



Fi-j. 


2 <i, 
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SWITCHING APPARATUS 


IvJiL. h. llt'loaisfi Lu»<-. 

V.L. Vertical Line. 

ILL. Kotary Line. 

\‘.H. Vertical lie! ay. 

H.J{. notary Ilelay. 

A. Shaft. 

H. Hul). 

H,. I'awl. 
r.^. Pawl. 

\ .A. V'ertn al Armatun*. 

IL A . Ki >tary A rnia t un- . 

\ . \'ertii al Vlaj^net . 

IL notary Muj^iiet. 

T'. Upjier 'IVjotli. 

T“. liower T<K>tli. 

D.D. I>iiilil(‘ |)ofj[. 

F.D. Fixeij |)o;.r. 

P.W. J'rivate Wiih'jn. 

\’.\V. Vertical Wi|xjr. 

ILW. notary VVifH*r. 

•I l> r d Knife Switclic.s. 

S.A. Spicier Ann. 
n. I’ivot. 

L. Sprin^V 
K. Finder. 

K.S. Es(!afK*n)<*nt Siirinj^x. 

P.A Privule Annatnre, 

P.JSl. Private* Magnc'l. 

K. Stop. 

^’.A. Armature. 

V,. Coil. 

\V Coil. 

(LR. Ringer Relay. 

Z.A. Armature. 

Z|. Coil. 

Zj. Coil. 

('j. ConclenHer, 
hj. ConcleiiM'r. 

D.P. Finger. 

Rkl. AL JL'Iea.se MaL'net 
C.S. Coiled Spring. 

S.P. Finger St o]). 

N. P. N<»rinal J*ost. 

S.A. Ann Sale Swite’h. 

S.L. Link ,, 

S.A.L. l/-seT Sale Switch Aim. 
\ .A.F. Finger. Vertical Arm. 

O. N. OiT Normal. 



Fu*. 27.— 


ttONNEnOR WITFl IT-! CIRCUITS. 'PlIREF,- WIRE SYSTEM. 
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Fig. 27 is a perspective drawing and shows the relationship of the several parts hotter 
than any photograpli or geometrical drawing tan. The circuit is a three-win^ one and may 
be ignored ; the mechanical features and operating principles, however, remain practically 
unaltered. The mimes of the different^ parts are given in schedule form alongside with 
reference to the symbols of The illustration. 

On a frame of non-magnetic material a vertical shaft is mounted, fnr to lift upward 
if^id revolve. The upper part of the shaft has teeth cut round it, and below this are other 
teeth in the line of the shaft, 19 teeth in each cast . Hie shaft is raised and rotated by electro^ 
magnets. One, galled the vertical magnet, acts on the teeth surrounding tin* shaft, anti 
lifts the shaft to a height (Torres ponding to the number of imj)ulses sent, and the number 
of impulses depends on the second last figure of the number r<‘(piir(‘d, r.r/., if the number 
were 67 then the shaft would be raised to the height of six teeth. Another magnet would 
then be switched into action and it would act on the teeth in the lin(‘ of tlie shaft and rotate 
it, the distance de[>ending again on the number of inn)ulses sent : in the case of the number 
67*the shaft would be rotated a distance of seven teeth. The shaft at tin* bottom has 
attached to it, and insulated from it, and from each 
other, contact springs or wdpers, which, brush fashion, 
wdpe over contacts associated with the lines to be 
called. These banhs of contacts (for detail see Fig. 2.S), 
are arranged in an arc of a (un^Ie and each line bank 
has 10 pairs of contacts in the heigJit, usually in two 
groups, and 19 contacts horizontally in the arc, wi})ed 
over by two twin contact arms. In these contacts are 
terminated 190 lines. A second bank is placed above 
this, having 19 contacts in the height anrl 19 in the 
arc. These are conn(‘cted to the test or line-engaging 
ciiruit, which is [)urely local and eorrespi^uuls t(> the 
wire connecting the jack bushes together in a manual exchange. As th(‘ shaft rises vertically, 
step by stc]), tlu' wip<‘rs come to rest in line with the contact levels, so that when the shaft 
is then rotated the wi])ers brush over the intervening cmitacts in the arc, until the wipers 
come to rest on the contacts of the line required. When the receiver is replaced after a 
conversation the circuit is opened, allowing a release magnet to operate* on the “ dogs ” 
(which maintained the shaft in the j>osition brought about by the electromagnets already 
described), when the shaft is rotated in the rev(*rse direction by a coiled spring until it is 
free to fall by gravity to the normal position. 

These magnets are in local circuits and are controlled by the lin(\ or impulse, relay. 
An important adjunct of the early form of connector (many of which are still in use) is 
the •Side-switch, which is controlled by the private magnet. This is a hair h^ver three- 
position switch. 

The connectors an* arranged at the rear of a Keith line switch unit, which is shown in 

Fig. 

Fig. 29 shows how' the terminals are arranged and numbered. It is to be noted that the 
first 19 numbers of a group of 190 occupy the top level of the bank, ths* second the bottom 
level, and the reniainder follow in regular sequemee upwards. The 0 of each set of 19 num' 
bers is at the right instead of being on the left as in numerical sequemte. 

The S^le^tor. — For exchangeri,Jiaving over 190 lines a selector is fitted in addition lo 
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tlie connerJor. This. clcciroinechKiiically, is very similar to the conneeior, but rather simpler, 
as thei’(^ are ieucr relays, and after it lias performed its work it joins the lines through, and 
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leaves no (‘leetroinagnets attached. In its operation it ditteis from tlx* eonncolor in that, 
after the shaft lias been raised due to im])ulses from the dial, it rotates auioiiiatiealI\ until a 
junction line is found to a, disengaged connector. 


Section 10 

A FOUR-DIGIT SY.STEM USING SELECTORS AND CONNECTORS WI'l ll SIDE 

SWITCHES 

Jn Tig. Jht is shown a four-digit Strowger circuit. In this a separate line relay is .used, 
and a slow release' relay at the connector to join up the wipers affer the cut -off ri'lay has 
disconnected the line n'lay of the called station, to prevent the latter being actuated by the 
ringing (Mirrent. 

In this circuit eitlier subscriber can (tlear the <*onneetion. 

The circuits aiy numbered in tlu* order of ojicration as follows : — 

1. ('ircuit in which the line relay L operates when the receiver is lifted. 

2. '.riie line switcji LS ojierates to pull down both, anna In res, when the plunger operates 
the group of springs. L de-energises. 
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3. Master switch operated to move the plungers opposite the next idle trunk. 

4. Loop 1 extended to relay IR. 

5. Guarding relay G energises. 

G. Holding circuit of LS guarding earth on pfivate bank PB. Subscriber pulls dial for 
first digit. IR de-energises according to number of times the circuit is broken. 

7. Vertical magnet VM operates to lift shaft to the level corresponding to the digit. 
PM energised for duration of impulses. * 

H. Private magnet 1*M energises. PMR and PM de-energise after impulses, and latter 
moves the sidt'-switches SS to second position. 

Side swit(;h completes circuit to rotary magnet RM and R3. RM when energised 
opens its circuit (trembler bell fashion) so that the wipers are stepped round until an idle 
line is found. The armature of PM is juessed down for each step. If line is busy. PM 
remains down, and wipers again move until a terminal with no guarding earth is found, 
when PM armature falls bac'k and eauses side switches to move to third position. 

10. Loo]) I and 4 (‘xtended to second selector. 

11. (iuarding relay (r energised. 

O', <>". (iSuarding and holding circuit. S\ihscriher })ulls dial for second digit. IR 
de-eiKTgises. 

12. Vertical magnet steps up w'i])ers. PMR energisefl. 

13. PM energised during im})uls(‘s ; on de-energising moves side switches to second 
position. 

14. Rotary magnet energised, intermittently, to move wipers r<.)und to idle line. ]*M 
de-energising moves SS to third ])osition. 

15. Loop I, 4, and 10 extended to (onnector relay IR. 

IG. Guarding and holding relay circuit. 

O', Guarding or third conductor circuit. Suhscriher ])nlls dial for third digit. Jit 
de-energises. 

17. Vertical magnet VM lifts shaft. 

IS. PM circuit. PMR and PM de-energising move SS to second position. Subscriber 
pulls dial for fourth digit, lit dc-energis(\s. 

10. Rotary magnet RM, controlled by 1 R, moves wipers step hy stc]) to contact required. 

20. R20 was energised, in parallel with RM, to open cinaiits to wipers, whilst passing over 
level contacts, and de-energises with i*M. 

21. Line switch LS energised to puli dowm inner armature only, to cause cut-off springs 
to disconnecit line relay L. 

22. Ringing relay RR energises intermittently (by int.). 

23. Circuit of ringing current to suljscriber’s bell. Relay R20 is made slow to release, 
thus giving time for LS to cut-off line relay L' before ringing current is applied to 
line. 

24. Receiver lifted and battery -feed relay BP energised. 

25. R25 energises to cut off ringing relay RR. 

26. Locking circuit of R25 to prevent ringing current being reconnected. 

27. Current reversed, to calling subscriber, to meter, etc. When receiver replaced to 
clear, TR de-energises and opens circuit 1 6. G de-energises. 

28. Circuit of r^^lease magnet Rel., which restores connector shaft to normal, and 
l^reaks normal contacts and circuit 28. G also opens rircuit 6 to release selectors, and opens 
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24 to dt:*-(‘iuT^ise 13F, uhicJi n*stor(‘s normal battery to eallin^ liia* side, allhou^li ealling 
rtH^eiver may not Ik‘ replaei'd. If ealler rejdaer#; j*eeeiver lirst. IK de (‘nc'rgises. 

If the called line iiad becm busy, the sidi- switelavs Avould have nnnaiie^d in the second 
] )osition , , • 

29. ^resting cirmiit. in wltieli 1129 (Miergises (tliis eireuit closed w hen KM 11 d(‘ energises 
after last impulse), KM en(*rgis(‘s, and sid(‘-sw’itch(‘s SS ar(‘ not moved to third ])osition. 

• 20. Locking circuit of 1129 and KM opened when shaft falls. 

21. 2V)n(‘ test <‘ircnit to (*alling subs(;riluT. K(‘ceivers replaced, circuit o|)(‘netl as before. 


Section 1 1 

THK ONE SWITCH 

kv.ifh hue sfvifcit (Kigs, 21. 22) is introduc(‘<l betwcMm a subscriber's line anti a 
s(*l(‘ctor. Tin’s is to avoid th(‘ necessity for having an (‘Xptaisive selector associat(‘d with each 
line. Faeh li»ie has its line and cut-olf r(‘lay (plunger jiiagml) like 1hf‘ manual ('xchajige. 
These arc* aiTang(‘d on (‘ach side of a vertical moving shaft in gi’ou[>s of 25, 12 on one 
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side and 12 on the other. This shaft is ])ivoted and has a backward and forward movement. 
Each relay has a pivot(‘d arm or j)Iunger wliose fan shaped end has a notch which engages 
with thc‘ moving shaft Jiormally. As th(‘ shaft moves it earri(^s with if the plungers and 
causes them to move on their })ivots, so^that the point which carries ebojiite roll(Ts is moving 
in front of sets of ,^prings. "One bank ^)v level of 10 groups of sjaings (f'ig. 21 ) is irj line witii 
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each plunger. The corresponding groups of springs in a unit are innltipled together and 
connected to a selector. The unit is usually made up of four sections of 25, with which 10 
selectors are associated, and the shaft is rocked by a master electromagnet. When the 
telephone is removed, and before the dial*has sent out impulses, the line switch is operated 
automatically ; the operating relay has disengaged the [)lung(*r from tlu' shaft and driven it 
into a group of springs, so •that the subscriber's line has been extended to a selector ; at the 
same time local circuits have been completed through the cut -off l elay and the inasttT switch 
electromagnet, so that the siiaft is moved one step, and the remaining th) line relay plungers 
ar5 opposite the J^o. 2 selector set of springs. 'Phe next call will engage No. 2. and the 
remaining 9S will then be carried o[)posite No. 3, a selector being thus always pre-selected. 
As the plungers become free, the shaft picks them up on its return jouriu'y, or th(?y are made 
self-aligning so that they return to the shaft. 

(-ircuits of this line switch are shown in Fig. 43, in connection with which the action is 
more fully explained. Fig. 33 show's a unit of 100 lines of these switches. 


Section 12 

MASTER-.SWIT(;H with power solenoid (Fig. M) 

• • 

This is lifted eeutrally iu a |)anel and controls 100-line switches, hut usiially a s|)are 
master-switch is provided, so that either can (control 100 lines, or each control 50 lines. 

In Fig 34 f designates th(‘ master-switeh shaft which is linked with tfie line-switch 
shaft / to give the* iattea* a to and-fro or oscillating nud ion. 

The travel eemtrol not(‘hed (uun h, the speed -governing geartal se^gment f/. the s]>ring 
release and circuit-closing arms f/and r, art* rigitlly fixed to the shaft r. 1’h(^ shaft is rotated 
in a clockwise direction by tht* part //. which is ('onn(*cied with the plunger of the solenoirl .s, 
and rotated anticlockw ise by tin* sjiring / forcing apart the stnd / tivt'tl to Mie plunger, and 
the ])art h. The armature of the relay K2 carrit's a locking dog a. which normally engages 
with the notches to lock the cam in position, but when the relay is energised. lh<‘ (u>g is lifted 
and the earn is five to move in either liination. The notches of tin* earn eorr(*spond in 
niiinher with the hank eoiitacts, so that the dog in a given notch means that all *the line- 
switch ])lung(Ts have been nio\ ed opposite a given trunk (having lUO multipled fioiuts). 
The trunk line is pre-selected, and when, r.f/.. No. 5 trunk is engaged, tin* dog is lift(‘d and 
the earn moves eoim ter clockwise until the next idle line is found, when the dog re-engages. 
When^the last notch is passed, the arm r closes the two springs /, /a. to micrgisi* relay lt3 and 
the solenoid s. The relay eoiitaets ti are held closed by the latching spring f> until tla* sole- 
noid > has pnll<‘d in its armatin'(‘ and ])lunger. The arm d then comes against the latching 
sjiring o and allows the rola>' springs tt to return to normal, w hen the solenoid is de-energised. 
'Flu* rate of travel is controlh'd by a gov(*nu>r p, similar, Imt of heavier pattern, to that 
described for the im])ulse dial. 

Kacli inastcT switch has a seiies of contacts corresponding to the inuftbei- of trunks con- 
trolled, in this case 10, with a contact an* over which an insulated wiper mbs to eoiiiK^ t tlie 
arc with eacli trunk in turn. 
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As an i(lj(‘ trunk is ])rrsrl(*(*.tt‘(t, thrn* is no testing or l)unlin^, ajal the j)lun^rr of tlir 
railing lin(‘ (*nt(‘rs the* l)ank <*<»ntarts instantly. 

circuits of tlu‘ ina.sttT svvitcii arc sfiown in Fig. 4:k 


Section 1 3 

THE AUTOMATIC TELEPHONE MANUFACTURING CO.’S LATEST SYSTEM 

The Connector (Fig. .45). — At a. n, (\ ji, arc sliown four views of tlic new type con- 
neefor switch. Tiu' relays arc now fitted ajiart from the switch frame or mounting, on a 
hase })late, whi(*h hlso carri(‘s the switch frame. The relays are fitted horizontally above the 
switch, and wirtal from th(‘ rc'ar. The switch frame is now of cast iron, very heavily zinc- 
plated, and is found* to be more rigid than the die-ca^ting. Thts frame carries th(‘ vertical, 
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rotary and release int^^iiets, and the shaft dogs, pawls and ot lua* aec^essories. 'J'ho banks 
are fitted below, and, with tlie wipers, which are fixed to the shaft, are not shown in tlie 
illustrations. 

Side swit(;hes aie not now nsinl relays taking their phua*. 

Th(‘ relay has luaMi rta (^^si gn ed ; the point pivot has been replaced by a. ])in |)ivot whic^h 



\ iijw. A. T. .M. .'{5a. V. T. .AI. ('o.'s ( 'oNNjarrui;. 

( ’<».'s Latkst I*.\'rTi<a{N < ’(►VNKcToa. Pkont \’iT'a\ ui'j’ii (’oviat. 

does not, require adjustment : ])henoldibre is noAv used for insulating the springs, and each 
s})ring unit is aged by a heat treatment. 

Tli(* s\\ it(’h is adjust(*d to work eltieiently with a loop resistane(‘ of i,(MK) ohms, which 
still allows an anij)le margin of safety. 

On ref(‘rring to th<‘ illustrations, it will be seen that the mechanical^N o[)eratiiig parts 
ar(‘ very similar to the older switch (Pig. 27). The off normal contacts are seen oji tficjeft- 
hand sidt‘ of tin* front view , and ar» ojierated through a hw ei by the hca<l of tin 
shaft. 
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TJie switch and relays are elosed in by a cover, whi(;h, however, , leaves the banks and 
wijxTs exposed. 
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The sdecior swil(‘h is similar in a])pearanet\ 


CoiTEK-cLAi> RELAYS are extensively use<l. When a mass of co])per is fiitetl over the 
core at the ‘'heel. ’ or fixing end, tlie relay is made slow to de-energise; when fixed at the 
armature end of the core, it is slow to energise and de-energis(\ 
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Section 14 

NEW LINK SWITCH IN A. T. M. CO. SYSTEM 

The Rotary Line Swftch (Fig. ;«i. J, cy-TUi. is a new fealure in tins system 

and was first, us«l ,n the Orleans exchange. Fra, nee. It. is the first self-propelled Votary 
switch t.. be nAsl in .mjiortant exchanges. The wipers rot, ate at, (in to SO stejis per .secoiuL 
Tiien are .sets of terniinals in the are. which i.uniber giyes each calling line access to a 




y' 





1 

- R H Eni.i Elt^Vfjiioi 



h froril Elev.il ion. 


I* - L.H. f iiri [ Icv.jtiort 



r-j-. AM.MO./Ay 

/('/ 1 f— 


rLtt 
Urn^'y^nu /V, I 


A'l', toi)va(iitp.t<\f 

\/ /i 'lY - {4/j I if ' 


c'-Vm*vv Rowing'- K’l-Lfion 
. uiff Liel of Wippi'L.. 


I''m. .id. .\. 'I'. \l. (•.,. s lasK .switch i.ok if. Titn.vKs. 

iiiltin for an idh- line, a suitch being associated with each suh.seriher's line ft has no 

Xts beine 7t‘ '’7 ‘ 

sw?t.7 i n ^1 n When another call is made, the 

. Itch iminei lately makes eonneetion with the terminals and trunk on which it rests but if 
that IS busy, It instantly nioyes to find an idle line. 

The switches are arrangi‘d yertically as shown in Fig. 37 which represents a 100 lim- 

pnyate automatic exchange (F.A..V.), the connectors for ten, .E" 

rear. 
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A driviii}; iiiuniict only is mjiiirt-il in addition to tlic line and (‘iit-ot! relay.s. The motor 
inafrnct armature has a |iawl w liieh normally I'ocks the M ii)ers on any trunk. When energised, 
the magnet wilhdra«s the pawl so that it catches the ne.vt tooth on the ratchet wheel. 
When de-energised, the armature spring drives thi- pawl ahd rotates the wijws to the next 



liT. inii-LiNK INmn \TF. .\i roM\Tn Ivxcii \\<;k (1\\.\.). sudwim. liivK Sumin .^. 

sot of lornuiials and locks thoin thciv. The wipers are of special design with split toii^i^ues to 
oivc Ilexihility and wood contact. Then* are two sets of wipc*r< in the same straight line, so 
that all the tiTininals arc made contact with in half a revolution, the second set of wipers 

coming into action hen the first leaves tin* arc. 

The drawing shows four sets of wipers and leveN.dmt only three are used on the circuit, 

Tig. :tt). 
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Tilt* line and relays are so related that they interlock. If tlie line r(‘Iay is de- 

energised, as on an incoming call, th(‘ eut-olf n^ay cannot fnill up fully, hut only sutti(aently 
t(i cause the line relay to hr(‘ak from its hack (‘ontaets, hut not sulliei(‘ntly t«> make witfi its 
front contacts. Tlfis is hrou^ht about hf a mechanical devict*. U'Iumi the line relay is first 
energised, as for an outgoing call, tin* armature judls up fully, and makes with contacts to 
comu'ct the calling line tlirough to the uiptTs. The swit(‘h is held (‘iiergised in the third 



(d.) 

Top View, 


Pig. liS. -JjIm-: ano ('ur-<»ri'^ I{ki,ay 1’<m{ \. M. IOitmiv Swui’i ii. 

conductor circuit, and a clean line circuit estahlivlual. 1’his special lim^ and cut olT relay is 
showli in Fig. JtS, a, />, c, and d. 

The lever L in the normal ])osition prexents the armature' 11 hy tlu' lug IT, of relay R.*! 
from pulling up fully. If, how(*ver, IF is tirst eiuTgiseMl, tiu' armature lug A' of relay IF 
displaces the lever L, so that th(‘ R,‘5 armature may now pull uji fully and mak(‘ with inner 
contacts. 

All the contact springs are arranged on the to]) of tin* upp(*r relay as^shown in Fig. .‘IS d. 
The armature A of relay R' has an extension A" which carries a rod, having suitahk* insula- 
tions, to operate' a series of s])ring c^mtacts. Tlu* armature* R of relay R3 lias a similar 
e*xtension to e)])e'rate anothci’ sed of cijntaeds. 
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Section 15 

CIRCUITS OF A 1,000-LINE EXCHANGE, A. T. M. CO. SYSTEM 

Rotary Line Switch Circuit (Kig. 39). This switi^h Kas no normal position, but 
remains on tlie set of terminals with which it last made conne(‘:tion. The line on which 
the wipers rest may la* used at another position. When a call is made, *1116 switch will 
immediately connect with tlu' line occupiial if it is idle, l>nt will step to an idle line if 
it is busy. 

As used on outgoing calls 

1. Wluai the ri'ceivcr is lift(‘d, JT (B), slow to de-i^niTgise, (Miergises. 

2. If the line on whi(^h the switch is at r(‘st is husy. B' (B) shunts the relay R3 (A), to 
])revent it from ojierating. Th(‘ rotary magnet UM2 eiuagises and steps the switi^h to the 
next set of terminals. KM o])(mis eireuit 2, d(‘*energis(‘s, and again closes cinmit 2, wlum, 
if th(‘ n<‘xt line is also busy, it will again energist*. st(‘p th(‘ switeh, and break circuit 2. This 
will continue until an idle liiu‘ is fomid. 

3. The shunt cirenit on JKl is opeii(‘(L and K3 (A) eiuTgises in si'ries nith 11M2. KM 
does not eiuM'gise because of its resistHne(‘ and adjustment. 

4. J{3(A) extends tb(‘ calling line to the wijxTs and, ( jj., to the impuls(‘ relay R4 of the 
sel(‘(‘tor, which will energise and then close a circuit S to (‘iicrgisc* a relay Rs. 

5. Idle holding (‘ireuit is extended through the IT. wiper to earth at JvS. The pi-iv<ite 
normal on the connector then tests husy. 

(i. 34u* holding relay K3 is Jield <uiergis(‘d. 

Relay W is slow to de-eiuTgise to kee]) eireuit 3 closed until tlu^ relays on the next 
switch }uill 11 ]). 

R(‘lease. When the reeiMViT is rejilaeed, It4and RS d(*-eiaTgise, and circuit r> is opened, 
so tluit K3 de-cncrgiscs and connects up K/. 

Incoming calls : 

7. Wlicn the lint' with which the swit<*h is associated is called, the connector earths tJie 
private' hank contact. K3(A) is oj)crat(‘d just sutficicntly to ojXMi circuit 1 and cut olf K/. 
This movement is effected nuH-hanically, relays K/ and R3 l)(*ing so arrang(‘d that K3 can 
only pull uj) tJirough its full stroke w hen K' is energised. 

Side-switchless Selector Circuit (Fig, 40).-— When circuit 4 is t‘xtcnd(‘d, as above' 
d(\scribed, R4 cneu-giscs. 

8. Rs energises (sle)W' to de‘-encrgise). The* battery to Its is taken through a I.'l-eilim 
supervisory reday assexaated with the shell, sei as to opeu*ate a lamp signal, in case the line 
should become sheirt-circuiteel, eir sluinld the caller omit te) rejilac^e the* receiver. 

(>. Rs earths tlu' release wiie. 

First digit irnfnilses : — 

9. At each de-energisation of R4, the vertical magnet VM st('])s up the wipers a distance 
of oiu^ level. R9(C) energises. 

10. A J microfarad condenser, in series with a lO-ohm resistance to earth, prevents 
excessive sparking at the impulse springs of R4. 

11. Relay Rll(E) energises. 

12. Rll locking circuit. R14 is shunted so that it cannot energise until an idle set of 
terminals is found. 
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13. When tlie impulses cease. Hi) de-onergises (it remained energised during the iin- 
pulscvs), and the rotary magnet. RM is energmed. RM steps the wipers to the tirst s(d of 
terminals, and if the test terminal is not earthed, due to some other switch oeeu))ving a 
multiple of it, opens circuit i), so that Rl) de-energises and removes the shunt from RJ4(D), 
and opens the RM circuit 13. 



f^orcs.” Re/3^ jA y^hen earthed 
at Pr Nor. breaks at back con ^ 
tacts but docs not chse on the 
' ike contacts • 

Relaq 3 . Contact Jc makes 


h'K.. :>5». \. 'P. 31. C'o.'s Ku'i’AtJY l.ixt: Switch t'litiirr. 



14. Th(‘ RM armature drops back, and RI4 energises in series with r(‘lay R1 1(E), through 
the off -normal springs ONS. Rll, on account of its resistance and stiff sj)riiig adjustjnent, 
does not operate. 

15. If, however, the first test terminal is earthed (line busy), RH on de-energising (when 
its circuit was ojiened by the RM contact) will not o])en the shunt to R14, as the «hunt is 
then conij)leted through the back coytact of R14 to the j)rivate v\i])er Pr. When the rotary 
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rlc-oncrgises, fill will again ])ull up over circuit 14 — lo. Tlie, rotary magnet will 
agaiti operate in cinmit 13 to move the wipers'to the next terminals. This operation will be 
continiu'd until an idle line is found, or until the wipers pass off the tenth contact. This 
nnnoves the earth from the Pr. wiper, and jneverits Rll from energising, thus ])reventing 
further rotation of the switch. 

lt>. To j)revejit (‘xcessive sparking at the make contact of All, a J-mi(‘rofarad con- 
densin', in series with a. Id-ohm resistance, is connected to one side of the rotary magnet. 

I r. To pn'vent (‘xciissive s])arking at the RM contact springs, which interrupt tlp‘ 
circuit to R 1 1, a 1 300 ohm non-inductive winding is wound on top of, andui multiple with, 
the 210 oliin winding of Rll. 

17. \Vh(‘n an idle line is found, R14(l)) energis(‘s, and the line is joined thi'ough to the 
next >vvit(*}i, which, if a connector. R' and R2 (Kig. 41) energise. 

IS. Th(‘ release wire is eonnect(‘d In the l*r. vvi])er to circuit 3 (Fig. 41). .LlS, being slow 
to de energise, keeps Rl l cn(*rgised until this eircuit is comjiletcd. R14 causes R4 and JvS 
to de energise. 

Jf an idle line is not found, the shaft, on the ek'venth rotarx stej>. operates the cam 
spring^' FS, which o])ens the circuit to R4, which de energise> and thi'u causes [IS to de- 
encrgisi'. Fai'tli is thus removi'd from the release circuit ti. 

Itl. Till* (;am siirings also take direct (‘arth off the ])osilivc winding of R4. and ri'place 
it with another earth upon x\hich is superimposed the busy tone, thus informing the caller 
that all trunks an* busy. 

20. Release'. ' W'hen th(‘ caller replaces the n'ceiver, the line eircuit i> opiaied at the 
connector, and earth cut off the ridease (‘ireuit IS. when RI4 de-eni'rgises. The release 
magnet ojK'rates and releases the selector. When the shaft return^ to normal, the release 
circuit is opened at the oft' normal springs. 

A copper sleeve over the core of the lOO-ohm release magnet priwents (*xeessiv(' sparking 
at the off-normal release sjirings. 

The battery to the relcasi* magnid is taki'ii through a relay slow to de-energisi', associated 
with the slielf, so that if for any reason the release' circuit remained closed, an alarm would 
be given. This release signal relay is slow-acting, so that in case th(‘ nund)er of calls an* to 
be registered, a meter can be opi'ratcd. 


Section 16 

A. T. M. CO.’S SIDE-SWITCHI.ESS CONNECTOR CIRCUFI 

Release when last i^arty re[)laces the rei'eivcr (Fig. 41). 

The circuits are numbered in the order of operation and an* as follows : — 

1. When a calling line is (‘xtended to a connector relay 1F(A) eni'igisi's. 

2. Relay R2(B), slow to de-energise, energises. 

3. Release trunk earthed. This is the holding ciri'uit to maintain energised all the 
switches towards the calling line. The release circuit ic. also o})ened and the vertical magnet 
circuit ])repared. 
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4. At each iiitc^rruption of tljc circuit 1 at the calling device, R' dro}»s hack and operates 
the veiiica] magnet* \"]\1 in series \\ith nday I>t(C). The stiaft and wipi^rs are raised to tiic 
called level. 

5. A Uniicrofarad eondcaiser in series with a lO-ohni resistance' to eartli, from tla* mak(* 
contact of prevents exet'ssive sjiarking at eoiitaet of relay R/. 

As soon as the shaff is stepp(‘d up one l(‘vel, the olf normal sprinj^is, ONS, switch the 
v<*rtical (*ircuit^ iit its rnaki' before break springs, from th(* make (emtact to the back contact. 
It also partly com])l(‘t<'s tin* releast' eintuit. 

* 4'. Relay (( ') opens tlu' rotary circuit (> and closes th(' vt'rtieal magnet circuit 4', 

tlirougJi the l)ack contact of the make before break off normal sjnings. 

Wht'n tlu' ijupulsf's frou) It/ ceasc' relay R4((^) de-energises (being slow to ch'-energise, 
it did not rc'leasc' durijig imjmlsing) and switches IIk' circuit from tlu' v('r*tical to tlie rotary 
magnet RM. 

0. Tlie impulse's of tljc final digit are in>w rc'ta'ived, and tlie rotary magnet ItM steps 
tliC^ shaft and wipcTs round to the t(*rminals of the calk'd number. 

5. 4'lie <l>mierofarad condenstT associated with R2 again ]>revents excessive sjairking 
at contact of R'. 

7. Itelay R7 energises in ])arallel witli \\^\. 1'his pre])ares the private wiper through 
to R24(G), and short-cinmits tin* back contacts of R24 at 7' tlirough whicli tJie rotary magnet 
cinmit is takc'U, so tliat R24 will not o])en th(‘ rotary magnet cin'uit^ while th(' private wiper 
jmsses over bjisy contacts. 

8. When the impulse’^ cease relay R7(R) de-c'uergises and, providing the priv ate bank 
ccaitact is not earthed dm* to being in use, energises tlu' i25-ohm winding of RS( If) in seric!^ 
with th(* bridge' cut-off' coil of the called liiu' switch from earth at R2 circuit 3. 

0. Relay RS locks itself through its J,3b0-ohm winding to earth. 

10. Tli(' interru])t<‘r start is earthed so as to start the ringing interru]>ter. it also 
o]»cns the rotary circuit ti so as to ])re\('nt furtlier rotati<»n of tlu* shaft in case the ('ailing 
party should agahi turn tlu* dial. 

11. Th(* jji'ivate wi|)cr is (‘arthed at R2( l> ), t hus Jiiaking the calk'd numbe^r busy to others, 
'riiis earth, over the j)rivat(' wi])er. also ('arths th(‘ ju-ivaU' normal to the (mlled liin' switch, 
thus operating the line switch bridge-cut olf n'lay, which cuts the bridge of the ‘•ailed line 
switch line relay from tlu' called line. 

12. Relay R8{H) also closes the line wi])er circuit, thus closing the ringing circuit to 
th( called liiu' from earthed g('nerator. through tlu' make conta(d of the ink'rrupter relay 
resistance lamp, called party's ringing lamp, and 200-ohm winding of Rl2(l(^) to battery. 
The back contact f)f the interm})ter relay is eonne(*ted din'C'tly to earth, and this alternates 
on the liiK' with tlu' gnuindc'd g('nerator. Tlu' calk'd Ix'll is rung intcj inittently from battery 
tlirtaigh the 200-ohm winding and back cont act oi F to earthed generator. R12(F), howtwer, 
Ixdng marginal, w ill not jaill up with t he ringTflg current in series with the rijiger and condenser. 
Also it cannot ])ull up when the direct earth is put on the line. 

The co])per skx'vi' and heavy ring on the core of F gives it greatei' rang(‘ of adjustment- 
and also reduees tlie im]x'dance of the ringing current. The ringing current also induces 
a current in the 1.3(M) (dim winding of F, which forms a ciri'uit through the jiositive winding 
of D, positive talking condenser, calling party's talking kxip and negative winding of A to 
battery, thus giving the calk'j' an auclible signal every time the called 1x41 rings. 

As soon as the called’jiarty answers R 12(F) (‘uergises and opens tlx' ringing circuit. 
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13. Jiocking cinMiit of R12. 

14. The called line is connected to relay i)(Rl4). Cvirciiit 10, to the ringing interrupter 
starting relay, is o])ened so that tlie interrupter is not operated whilst the switch is in the 
talking position. Tlie interrupted generator Jead'^s opened so as not to earth the positive 
line to the called jjarty. 

15. The calling supen isory circuit is closed. 

10. Relay T) reverses the battery to the calling line so that meters or coin collectors 
can be operated if desired, or for supei'vision in connection with toll boards. 

17. The calling supervisory circuit is o])ened. 

IS. IK'. Multi})le einaiit to the 1,300-ohm locking winding of R12(R) and R8(H) so that 
these cannot restore and o])cn the circuit to the called lin(‘ when the (*alling line releases 
before the call(‘d. 

10. 1'alking circuit through tht‘ two 2-microfarad condensers. 

20. When the caller re})laces tlu‘ rec-eiver circuit I is opened. R' de-energises and opens 
< ireuit 2. Before R2 de-energises a circuit is com})leted to R7(K). which energises and o^cns 
circuits K' and S, so that when R2, on restoring, of>ens circuit 3, the switclies held o])erated 
over the release trunk can r(\store. 

When R2 de-energises it opens circuit 7, but as R7 is slow to de-energise it held the 
circuit to the release trunk open long (‘iiough to allow' the switeh<‘s to restore. 

3. 8, 8'. When R7 dc-energis(‘s it again restores the rel(‘ase trunk (‘arth tliroiigh RK 
l25-ohin winding to prevent this coniu'ctor being s(‘ized until the called j)arty clears. 

Relay R2 also ])re])ares the rel<‘ase circuit, but as tlu‘ called ])art v has not (dt‘ar(‘d RI4(I)) 
^remains energised and prevents the closing of tlu‘ rel(‘as(^ magnet circint. 

21. R2 de-energising (doses th(‘ called lim^ su])(‘rvisorv cinaiit. This su])ervisory is 
taken through a nday associated with a slow acting set, so that if tlu* called j)arty does not 
clear within a reasonable tiin(‘ a visual and audible alarm will be givaav 

22. When tlu^ called j)arty clears relay R14(J)) d(‘-energisi‘s. 

23. 33u* releas(‘ magntT energises and rcdeasc^s the switch. As soon as the shaft ivturns 
to normal th(‘ ndea.se circuit is o})ened at the otf-normal springs. A 5n0-ohm noii-indu(‘tive 
resistance wound on top of, and in jnnitiple with, the release jnagnet pr(‘ven1s excessive 
sparking at the otf-normal ndease springs. "Jlie hattiTy to the release magnet is taken 
tiiroiigli a slow' acting nday associaUsl with a gnmp of switches so that if for any reason the 
release magnet edreuit ivmains closed, an alarn» will he given. This release signal relay is 
slow^ acting, so that, in ease the iiumlxT of calls an* to Ik* r(*gister(*d, a met(*r can he 
operated. 

17. Wheii the calk'd ]mrty ek'ars lir.st, R14 de-eiuTgises and closes tlu* calling .super- 
visory (drenit, whi(di, w'lu*n u.sed, is win'd to a lamp a.ssoeiat(‘d witli a slow' acting set, so 
tliat, if the (jailer slionld not clear within a reasonalde ])(*riod, a visible and audible alarm 
will be givc'Ti. 4410 ('utire eonneetiou is maintained until the caller clears, when R/ 
de-energising o])eJis eireuit 2 to de-i'iiergise R2, which in turn closes the n'lease magnet 
eireiiit and allows the swit(*li to restore to normal. 

24. If the mimb('r calk'd should be busy, eartli ev('r the privaU' ])ank and wijK'r op(*rates 
R24 ((jI), relay 117 inonu'iitarily holding the eirenit to R24 closed. aft(T tlu* impulses from R' 
(case, (ui account of its slow' n'lease action. 

25. R25 locks its(‘lf to ground over the private wi]>er. 

25'. As soon as 117 de-(‘nergi.st‘s, after the seriev of rotary inipuLses, it switelu's the 
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locking circuit of K24 from the make to tiie back contact of its make-before- break springs 
to earth at H2. • 

Jielay K24 ((t) opens the rotary magnet circuit (i to j)revent 'further rotation of the 
switch, in case the.calJer sliould again tufii the dial. 

20. Busy tone is conne?‘t(*(l to the positive line of the caller through the condenser, so 
that two or more switches calling busy numbers will not be locked up over the common 
l^isy wire. The busy tom* is also taken through a condenser, common U) each unit, so 
that, in case the busy circuit should Ixicome earthed, it will not be out of servdee in the entire 
exchange. K24^xlso o])ens circuit S to tln^ private wiper so that KK cannot operate and 
establish the circuit in the ringing j)osition after the busy iiumlx*!* called is freed. 

25. R24 is locked up from earth at the make contact of lv2 instead of from the ])rivate 
wither, so that it will not restore wIk'ii tlie (tailed party (tears, and close tin* circuit to RS and 
establish the circuit in the ringing imsition. 

The caller cannot, of course, come in on the number (talksl, as R8 has not energised. 

* When the call(*r clears the coniu'ctor switch is releavsed. 


Section 17 

TWO-WIRE SIDE-S(VITCHLESS ROTARY CONNEC'l’OR CIRCUIT (Fig. 42) 

Circuits 1 to 5 inclusive arc similar to those described in eonn(*etion with Tig. 41, 
im!nediat(‘ly ])rec(aling this. 

(>, The impuls(*s of the linal digit int(*rmittently de-(‘Jiergisc R' and oiK‘rat(* the rotary 
magnet RM in series with I{5(I:C). ^^hich energis(^s and remains oncrgis(‘d during the im})ulses. 
RM stej)s th(^ shaft and wiptT.^ to the terminals of the e-alkxl numheu’ and also (jj)eiis circuit 
P to Rb. The loO-ohm binding wound on top of and in Jiniltiple with Rt> pr(*vents exc(?ssive 
sparking at the imjuilse spriiii;s ol' 1*/. 

7. Relay R7((i) (‘lUTgises. also slow to (l(*H‘ii(‘rgis(‘, and oj>ens tlu* eireiiit. to the private 
wi|»er Pr2, so that relay K will not open the rotary magii<*t eireuit, while the [>rivate wiper 
lh‘2 passes over busy contacts. 

S. R7 })i-(*j)arcs tlu* circuit to the 125 ohm starting w'inding of r(*lay Iv and chases its 
own circuit to (*arth at H2 

VMu‘n the im])uls(‘s cease R()(lv) dc em*rgiscs, and if tlu* numlx*!* called is not in use, 
or belongs to a [)arty Inning only one line (in which ease the Prl and I*r2 aix* strapped 
together), Rti closes the eiicuit to the 125-ohm starting winding of K. 

it. If, however, tlu* numlx*r (*all(‘d belongs to a party having a group (d‘ two or more 
lines (ill which case* only the terminals of tlu* last line arc strapped together), and the first* 
line is in use, earth from flu* j)i*ivat(* terminal and Pr2 operatt*^ r(*lay R!t(.l) as s(xm as the 
rotary armature restores. 

10, Circuit 10 shunts the 125-ohm winding of K so that it will mxt op(*rat(‘ ins(*ries with 

11. Tlu* rotary magnet U.M, over^a circuit to ('arth at R2, energises and steps the wipers 
to tile Jiext terminals, and also opei^s the eireuit 9 so that ItO d(*-eiiergises. Circuit 11 to 
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the rotary is o])ciu‘(l and allov\s KM to de-entT^ist‘. If this set of tenniuaJs is also 

in use, and is jiot the last s(*t of a j^rou)), th« KM will apiin operate and step the wipers to 
the n(‘\t set, and a)^ain opcai the eireuit to JKh 'Fliis wall he repeated until an idle line is 
fouiul. or the last. s(‘t in a ^n‘on]> is reaelaal. c 

\' 2 . If an idl(‘ st‘t is found Kt) de-(‘n(‘r^i>es and opens the ihunt 10 from K, so allowang 
th(' 125-ohin windin^^ of K12(K) to energise in parallel witli the winding of K9, and in series 
with the bridge eiit-otf coil of llie called line switch. • 

l.‘h Relay KO on account of its stitf spring and adjustment wall not operate, and thus 
allows K12 to lock its(‘lf througli its I ..‘{(K>-ohni winding, and ojuais the ei^euits 7 and thahd 
117 d(‘-(ai(‘rgises. 

14, Tlu' private wi]H‘r l*r2 is earthed to make busy the number called to other calling 
lines, and operat(‘s the line* switcli bridge ciit-olT r<‘lay, which cuts the bridge of the called 
liiH' swatch relay from th(‘ called lin<\ 

la. Th(' interniptcHl start is (‘arthed so as to start the ringing interrupter, and opens 
th(* KM circuit 0 and 11 so as to ])revcnt further rotation of the switch shaft in case the calling 
}»arty should again turn the dial. 

Ih. Kinging circuit to the called line from intiarujhtal (‘artlaal geiuTator, o\a‘r the 
called })arty's ringing loop and 2(10 olim winding of i(‘lav RlOlF). 

'J'he back contact of the generator interruptiT r(‘lay is connected to dire(*t earth, and 
this aJternat(‘s on the line with the (‘arthed generator. Relay KIO b(‘ing marginal. do(‘s 
not (‘nergis(‘ in s(‘ri(‘s with the ringer and c(Mid(‘ns(‘r. KIO is made slow^ to de-energise for 
th(‘ r(‘asons given in the pn'vions circuit. 

17. The ringing curn'ut induc(‘s a curr(‘nt in th(‘ 1.200-ohm winding of KIO. thus giving 
th(‘ (‘aller an audible signal (‘V(tv tinu' tlie called bell is rung. 

IH. \V4i(‘n the (*alled ])art y answcTs R Mi (‘nergise^. opens tlie I'inging circuit 10, and locks 
itself (►ver t he 1,200-ohm winding. 

10. 1’he call(‘d line is connected to relay R 10(D). 

Circuit la is completcMl to the starting relay of the ringing interrupter so that the 
ringing interrujitcr docs not op(‘rate while the switch is in the talking ])ositi(>n. The 
interru])t<*r giuierator cii’cnit 10 is o]»ened so as not t<» ground tia* positive w ire to the called 
l)artv. 

20. Tlu‘ calling su[)ervisory circuit is closed, but is again opeianl at KIO. 

21. KIO r(‘V(‘rscs the batt(‘ry to the caller so that the meter, etc., may b(* operated 
as (h'seribed in Fig. 41. 

When the called ])arty re})laces the receiver first, circuit 10 is o]>en(‘d, KIO de-energises 
and closes the callijig su])('rvisory circuit 20. for use as described in Kig. 41. 

Mdien the caller replaces the rec(‘iver hrst, eireuit 21 opens, and K' de-energis(\s, and tlien 
K2. Circuit 2 is o])ened, and the switeh(‘s on the r(‘lease trunk di*-energise. 

22. The rel(‘ase magnet en(‘rgis(‘s, and the swatch returns to normal. When the sliaft 
falls the release eirenit is opened at the off -normal springs. The battery to the rtdeasi* 
magtu't is taken through a slow acting relay, as and for tlie i)urpose before described. 

If the individual number called or the last line in a group should l>e in use, circuit 0 
is com])lcted over tin* stra])])cd (Girthed ])rivatc t(‘rininals, K()(E) iiaving dc-energised when 
the irn[)ulses ceased. 

22. Relay K22(H) energises ov(*r earth at the st^apjHMl terminals over wiper Krl. 

24. Relay R22(H) locking circuit, over earth at^R2, insteail of from private wiper so 
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that it v^ill not de-energise and reniov(‘ the luisy signal, if the ealled nninher is freed before 
the caller replaces the receiver. • 

25. K9 completes a locking (*ircuit for itself. 

K12 I2r)-ohm winding is shunted so fliat it does not energise. 

The UM circuits (> and fl opened by K23 to prev(‘nt fnrt htT rotation of the swittih. 

Circuit 23 is (Opened H23(H) so that wiper IVl cannot earth, and so busy the number 
cidled, after the called party r(‘plaees the receiver. Circuit 7 is also ojxmefl so that H7(C) 
de-energises. 

27. Busy toiii‘ is connectcxl to tin* positive line of the caller, as befon* described. 

Relay R7((i) d(‘-cni‘rgising of)ens the hulking circuit 25 to R!> so as to allow ll!)(d) to 
ile-energise. 

The caller (;annot come in on the (ailed numlxT as IU2(K) has not operat('d. 

When the caller rt'placcs the receiver the switch is r(‘iea|t‘d as before. 



THE ciRc rrrs ok tiik a. t. (o.s system 


.»() 


Section 18 

■J'lIE CIRCUri’S OF I'HE AUTOMATIC TELEPHONE MANUFACTURING CO.’S 
SYSTEM AS USKI> BY THE BRI'FISH POST OFFICE 

Fig8. 4(» sliovv tlu' circuils of a 1 installation of that systtin ino(liti(‘(l to 

rn<*(‘t th<* I)oj)artin(‘nf\s |)a-rti<*ular conditions. 

()n(‘ scl(rtor only is sliown for tlic sake of siinpJicity and to make t,Ji(‘ diaurain more 
compact. A second s(de(*tor, in vyvry \\a\ similar to that shown, can he added to makf? 
t}i(‘ installation suitahle for lO.tKK) lines. Ily addinj* a. third selector tlie capacity is raise<l 
to JOO.OtX), and hy adding a fonrtli th(‘ ca])acity is raised to 1 ,()(»(>, tHM>. 'Vhv actual ca])acity 
is sligfitly less in (‘acli cas<‘, as tlu* tirst 1(H). ].()()() or in. 000 iiumh(Ts may m)l ht‘ used, to 
avoid nund)crs l)(*gini]iiig vvitl? 0 or 00 and lh(‘ like*. rh(‘ final numhei' of th(‘ ea|)acities 
^p(‘(‘ifi^'d arc Jiot used (c.f/., J .000 IxT’ornes 000) a]id they ar(\ t h(‘r(‘for(‘, often sj)ok(‘n o'l as 
:i . 1-, a- an<l 0 digit syst(‘ms rcsjx'ct ivciy. 

To increase tlu* acc<‘ss to trunks at the pi‘(‘s(‘lector oi‘ piA‘diuit stage, and to prov'i<l(‘ 
gieat('r Ilexihility, primary aiul secondary line switches, or pres(‘h‘ctors, aic us(‘d in all husy 
and laig(‘ ijistallations. SjK‘cial features will he j)oint(‘d out w Ikmi dealing with tin* circuits. 
4'hcsc ar(‘ nundicred in tlie order of operation and arc' as follows . -- 

1. \Vh<‘n the rec(‘iv(‘r (Fig. 13) is lift(‘d to call the line r(‘iay Lll is eiuagised. This is lua'.h’ 
slow to de-i'iiergisc to maintain certain circuits until lh(‘\ can hc^ (ompl(‘t(‘d at anotlua- point. 

2. Line switch JiS is eiUTgised through its 45H)fim winding and holh armaturi's pull 
up. Plunger enters liaid^s. Id I eirciiit 1 opened. 

3. d'h(‘ suhscriher’s loo]) is now' extend(‘d to the hank springs ol the siMondarv liia^ 
switch SJiS (k'ig. 44). 

4. Pclav Iv4 is energised through th(' meter winding. Meter docs not opiaate. 

r>. The ojien main feed relay ()MF energises and shojt circuits its ILT?.") ohm winding. 
P(4av Pih eiKTgises, also secondary lin<‘ switch. Pelay Po connect^ hridgi* cut-otf. or 
holding winding, P>P() of primary line switch Pl,-S, and high r(‘sistanc(‘ eoil of mctiu’ relay 
MP to earth. 

tk 1'wo windings of th<‘ secomlary line sw itch (SLiS) magnet are in siu ii"- and the plunge)- 
is thrust into the hank. Pelay Pa de eiuTgises. 

7. Suhscriberls looj> is extended to r(4ay .IP of selector, which euiagi^i's 

8. (luarding relay (.1 energises, also suptTvisoiy relav P8. 

9. Jlohlittg circuit for PLvS magnet. 

10. Circuit (])artly over 0) through meter relay MP, v\hieh doi‘s not operate, as current 

is also through th(‘ line coil (ciixaiit 3) in opposition. » 

11. Pelay P i energising also com})letes a eircuit to ihMfS staj t rt4ay StP to cause master 
switch MS to move all ])lunger.s o])])osite the next idle limx Circuits 11 and 5 (oiinect 
iclays StP and ()MP in parallel. The 775 ohm coil of tlie laltta- enahles th(‘ relay StP to 
operate with precision. 

12. Jioeking relay Jdv energises. l*iu withdrawn from inaster switcli (piadrant. 

13. Slow relay P13 opejates to cut the ojum main from the line switch. Thei'c is no 

calling while tlie masteJ’ switch is o[)erating. , 

14. When tli(‘ iiiaster switch has stepjied the plungers heyond the last haidv contact, 
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tJie arm I doses tJit^ dreiiit of the lii}) mafiiiet Til whit^li enerj^ises. At next call the start 
relay fStll energises (eireiiit 11). Locking relay lA energises (circuit 12). Relay Rl3 
energises. Relay Jil 3 delays the o])eration of ni\y line switdi until an idle t runk is associah'd. 
The possibility of (toubh* eoiinections is flierdn reduced to a niinimuni. 

15. The solenoid Sol^ ('iu‘rgis('s to carry the shaft and ])lungers to the op[)osite end of 
the banks. (In ])assing all idle plungers engage with the shaft.) Relay SIR de-energises 
and the tri}) rday is r(‘l(‘as(*d f)y th(' arm M) to open the circuit to th(‘ solenoid, when the 
plungers move o])])Osit(‘ an idle* line. 

1(>. Ketainiit^^ circuit of start relay StH. 

17. Supervisory relay S(J (Miergises should the pin mount oji the tetdh of the c|ua,drant, 
tho locking relay Lk then b(‘ing op(‘rat(‘d m<‘<‘ha,nieally. '^hi'^ ])ro\id(‘s an alarm against 
unsat isfactojy working of th<‘ mastiT switch. 

IS, Alarm circuit on blue lamp and tell-tale. 

^(For mechani(^al details of master switch see Pig. :U.) 

lit (7reiht !) is extejided to the start n‘lay Stit oi seeondai'y master switch, which 
encrgis(‘s when the plunger enters th<‘ baid<, to step all idle plungeu’s to next idle trunk. 
The seeondaj'v master switedi o])erates in the same maim(*i‘ as the‘ primary master switch 
just described. 

20. if all lirst seieu tois of a grouji are' bus\ , it is neressary te> e'ouneM'd all i<lle' piimary 
line switclie's to other groups having idle first seleH'tors. Relay StR. is ke'pt e'liergiserl by the 
liim switedi hunting, ami the' ope-n main cut olT rtday (w’hich i.-> Jiejrmally energised) dc- 
energisc's. .Ml primary iiiaste'r switclu's assoeaate'd with this all-busy secondary masteu* 
swite'h w ill be* e'lK'igise'd. to move to an idk' group of s(‘ea>ndary line' switches, wdiich secemdary 
line suite'll iv iays are* not ope'rate'd in this condition. 

21 As each trunk to a lirst seleetor is e-ngagenl, a chain relay R21 is eiuM’giseei (partly 
over circuit J)). 

22 AVhen all the* 10 trunks are' busy and tlie* asseiciated chain relays e'uergised, the* 

le'lay is eiie'igised. The sto]) relay b\ e»pening eMi’eaiit 5 cuts batte'iy e)tr the se'condary line 

switches and mastc'r switch. 

23. R(_)t ary suite li relay 1123 (*ne‘rgises. 

24. Le)cking circuit e>f R23. 

25. Relay 11,25 e-ncrgises. 

2ti. Relay R.20 (uicrgise-s to opeui circuit 25, and rtday 11,5 and the* rotary magnet Rot. 
de-ene'igise'. The* wijK'r is thus .ste'|)pe*d rounel. 

27. Part!) is connecteel to the wiper, and th(*reby to e*ae'h terminal in turn. Each 
terminal is connected to a start relay Stll, of each primary master switch having access to 
this gi’oup <.)f se‘e*-onelarv line switches and e‘nal)les each primary mastea switch to rotate 
eomp^e*te*ly. R-e'lav 1120 is made slow^ te) re'le^ase*, to enable* the jirimary line^ switch shaft 
to ])ick up all ielle* line switch ])lungers. 

2S. When the wif)er ivaclies the last terminal ceintact h is cIosimI and R2S energises. 

20. The releasi' magnet Bd. energises and restores all relays to normal. One rotary 
switcJi is provided for each 10 secamdary groujis. If any of the 10 gronjis still test busy 
tlie rotary switch will again o|)erate to r(;store the idk* line switehe.^. ^ 

30. Relay SyJt energises, with both windings in series, when locking relay LkM em;|:‘gises. 

First digit hnpuhes (Fig. 45). OHreuit J is opened intormittentjy accoidingly to tht' 
value of the d^it called, and relay Ilf de-energises accordingly. 
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in. The vertical magnet/ V"M energises and steps u}> the sliaft to the level associated 
uith the digit call(‘d. Relay Rill energises lor the duration of tlie impulses. 

32. Relay R32 energises. 

33. Holding circuit of relay R32. 

After the impulses relay 1132 de-energises. 

34. Rotary magnet RM (‘iiergises to move \vi]K‘rs to first teiininai and also opens 
contacts R and S so that circuits 34 and 33 are opened. If the first trunk is busy relay R32 
will remain energised ()V(‘r wiptT aiid rotary magiu't RM will de-energise, f-ircuits 34 
and 33 are again closed, and if the m^xt lint' is husy. RM will again energise ivnd o}>en (‘ontacts 
R and S and then clos(‘ them, and so on until an idl(‘ line is found. Relay R32 and rotary 
magnet wall then de-energise. 

35. Switching relay R35 energis<‘s to extend the calling line to the connector. Relay 
(1 is slow’ to releas(‘, to maintain the circuit until th(‘ liiu' is extend(*(l, to put eaith on guard 
wire at coun(*(^t()r. 

3(). Loo]> 1, 3, 7, extended to impulse relay R3(> (Fig. 4f)) which t'lHTgises. 

37. (Tiiarding relay R37 (‘uergi.s(‘s. 

38. (Guarding or holding circuit. Relay R38 emagises. 

38'. Holding circuit of r<‘lav R38. tapper winding of R3S short-circuited. 

Serotul digit impulses (Fig. 4(»). Relay R3r) de-eiuTgises and i*(‘-emu*gis(‘s according 
to the numher of the im])uises of th(‘ digit. 

3h. Vertical magnet V'M energi.scs and steps up th(‘ shaft a corres])oiuIing numher of 
levels. Relay R31) energises for the duration of tiu* im))ulses. 

40. Private magnet PM energises for th(‘ duration, as above. 

After the impulses relay R30 and private magnet P.M d(‘-eiu‘rgise, and the sid(‘ swiUihes 
are tripped to tlu' second p(»sition. 

Third- digit impulses. 

41. Rotary magnet RM energises and st(*ps wif)ers a (lista?u*(‘ corrt'sponding to tlu‘ 
impulses of the digit. Relay R30 eiuTgises for the duration, also private magnet FM 
(circuit 40). 

After the impulses relay R.30 and 1*M de-energi>c and the side, switches are trip})ed to 
the third ])osition if the called lim‘ is idh*. 

42. 'Fhe called line line-switch LS' pulls up on(‘ armature to cut otl the lin(‘ relay LS'. 
Earth on terminals from side switch guards the liiu' against ot luT calkTs. 

43. R.(‘lay R43 energises. 

44. Ringing circuit (circuit alternately earthed over 44'). 

Relay R44 does not energist'. 

When the receivt*r is lifted to answer Jv44 energises. 

45. Relay R45 energises to suj)ply current to the called mierophom‘. 

40. Windings of relay R3<) are reversed to calling loop, w Inch riweises the current in 
the (jailing loop. Tfie currents in meter relay windings are iiow’ in the* saimj direction and 
MR energises. 

47. Meter M registers one call. 

48. The met('i^ winding in t he line circuit is short circuited. 

lyicrophone current for the calling subscriber is through r(‘lay R3(», for the called sub- 
scrib("/r through R45. ^ * 

7f the railed subscriber hml been engaged the privitkle w’ip(‘r P would be (mrthed. 
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49. With side swittihes in tii(‘ seoond position relay l{.,*J9 wouJd de-energise after tlie 
third digit impulses, hut cireuit 49 would he eoinjtleled before eireuit 40 was broken, and PM 
would remain energised in seri(‘s with relay ll4!k which would eiUTgise. Tlu^ sid(‘ .^witches 
would not mov<* to the third position. 

50. Retaining cireuit ot^ relay R49 

51. Busy signal to calling subscriber. 

As the side switch(‘s did not rnovi% r(‘lav HB> would not (‘luagise to join u]i tla^ line 
wipers. 

52. Wh(‘n til(‘ calling r(‘ceiv(*r is r(*placed, tlu connection is brok(‘n down by the n'lcas- 
magnet Re.L entTgising. Relay H52 (*ncrgises to glow lamp RS (green) as a clearing signal. 

53. Should th(‘ called rec(MV(‘r be icplaced (irst. and tli(‘ calling subscril)er delay to chiar, 
lamp AS (white) will glow as an alarm signal. 

Whrn ft CffH Is froth a snhscriher rontttrfctl lo a tiKtnual hoard, (‘urrtait for the called 
inij;rophon(‘ is fed from the cords, and all connector bridges are cut out off circuit. The 
holding circuit 3S is ('artluMl at th(‘ (iord, and this, with th(‘ c^arth at the u[)})(T contact of relay 
R37, short -cir(;u its tlu‘ 25 ohm winding of relay R3S. which (‘annot therefore eiua'gise, 

54. Switching rc'lay R54 (‘iiergiscs over the holding wire and earth at th(‘ cord. 

55. 'J’h(‘ lin(‘ from the manual board is now <‘.\tcnd<‘<l dir(‘ctly to the line wipers without 
bridges or comhuisers, and tlu‘ control is in tlu‘ hands of tiu' operator. 

The withdrawal of tlu' cord dc-cnergis<‘s relax R54. and the release' (*ircuit is (completed 
as before* descrilied. 

5(i. If the line calk'd is engaged, a lamp Hashing signal is giv^*n by tfie supervisory relay 
and lamp on the cord, partly over circuit 51. 

The subs(*rilK'rs control tlu* supervisory signals as in manual practice*. 


Section 19 

KEITH l-INE SWITCH AND ROTARY CONNECTOR CIRCUITS 

Ror small(']’ and less bus\' installations, a single liiK'-svviteh is used. This is shown at 
Pig, 47 in combination witfi a rotary connector. Pig. 48. Such a combination may be used 
in small offices, but is iisi'd hert* sim[)ly foi‘ illustrative purposes. 

A rotary connector may be rotary on om* level or all levels. It is used to connect with 
one ‘of a plurality of lines, serving a private brancli exchange, which have one common 
calling number. A level may contain liiH's to more than ont^ branch exchange. In Pig. 48 
th(* private* terminals of three such groups arc showm. A double row of terminals are requiied,* 
but all except the last of ea(di grou]) tif tin* upper row' an* insulated and not used. The last 
Ujjper and lowej’ terminal are k)op(*d togetlier as shown. For the second last digit the shaft 
rises vertically in respousi* to and according to the number t>f the ir^pulses in the*usual 
manner. For the* last digit the wi]K‘rs rotate step by step, according to the numbeij of im- 
pulses in the digit, to rea(;h the first k'rminal of the group, then, if that and adja(H‘nt lines 
are engaged, the wijiers will ste}> aut Jimat ically until an idle line is found. 
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Th(* switch is thus a coiniiiiiatioii of a selector and a coniicoto]’. 

'J'lie circuits are numbered in the order dl' operaticjii iind are as follows : — 

1. When the receiver is lifted to call, the line relay LR is energised. LR is iiiadi* slow 
to de-energise to maintain the circuit until it is completed at tin* sidector »r connector. 

A. T. \1 ro s S^S'IKM AS ^ SMI) MKJTLSJi OKMIMK. 




2. 'I’Jie pull-dof,n wiiidii.!; of the line switeh LS is onorRised to thrust the plunger into 
the hafik of contaets of a preselected tnmk. LR de-epergises and circuit 2 is opened 
The loop 1 is extended to the relay 1R3 of Ihe ^onnector whicli, energises 
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4. Relay (JIM eia^r^ises. 'Diis r«‘lav is slow to <l(‘ (MMM'tiiM*. and iiiaiiilains Iho ^nardin^. 
holding and r(‘lt‘ase Mrcnits durinu a train of iiwpulses. 

o. Holdinii eircnit for tlir line switch I^S tliroiit’h the hridt»(‘ eilt-otV coil l>(U). Reiav 
IM (‘iK'r^ises. ^ 

o'. (Jnardin^' ]K)1(‘ntiaI (*11 j)rivatt‘ hank eontaets to prc'ViMit another calling' line inter- 
f(‘rin^i;. • 

• o". Holding eii’enit of I'elay Ito. 

ti. ('irenit through jiadta- r(‘lav .MR. (’nrnad in lint‘ eirenil windinij; [I is in (»p})osit ion. 
AHi, th('refor(\ disc's not energise. (I*artl\ o\ r»- eirenit o to (JR earth ) 

7. (^irenit to niast(‘r switch haid< (not shown, s(‘e Riir. 4.*{) partly ovei* eii'enit o. 

First fligit inij}Hlsrs R(‘lay IR!» de-(‘n(‘i‘.nist‘s and re (‘ner^isi-s in a inaniaa- eoi’re.s}Kual 
int!; to the mnnlMT of impnises in tfi<‘ dinit eall(‘d. and intcainittcMitU inak(‘s and hn*aks 
eii’enit S. 

5. 'the \ (’ll leal ina<in(’t A’Al st(‘ps up the shaft and wipers to the l(‘vi‘l eoiri’spondni*^ to 
tluAlioit. Private ina^iud I’l’lay R.K energises f<n‘ t I k’ dnrat ion ol tlu’ impulse's, 'riie normal 
<*ontaets are eIos(*d on tlu' lirst step. 

It. 'riie prixate nia^iK’t R.M (Mier^ises i’oi’ lh<‘ duration of th(‘ impulse's. 

Afte'r tlu' impulses, re'lay Rs and private maiiimt R.M ele-e'iie'r^ise’, and the' siele switelie's 
are' trippe'd t«> the' se'eond position. 

Srrond digit incjudscs Relay I IRI ope'rates as he'fore. 

Itt. '^riie 7‘otary magnet R.M ste'ps the wipe'rs round a. elistaiiee' eoi’r’e'spemdini! to the' 
impulse's of t h(' di^dt. Rekiy RS ene'i’oisc's theai R.M (e’lre ud d). * 

11. Re'lav RIJ e'nej^ise's on e'aeh ('iie'r^i.sat Ion eif the' redary ma^nie't RM. Afte'r tJie 
impulse's R!^ and t lie'ii RM de'-e'iu'r^ise' it the lii’st line' e>f t he' eremp is idle' anel t he' siele* sw llehe's 
are* iimve'd to the* thirel peisition. 

12. If the' lirst line* of a orjuip is hus\ . te-rminal i'> will he e eume'ete'el te) e'arth hy its 
assoeiate'el I’e'lay (JR. 'Rhe* private* ma^ne't the're'fore* will ned eh* e'lic'i^ii.se. 

l.‘{. 'Rhe* redary ma^iu't R.M will a«»aln e'liereise* e»vi'r a- ne'w e'lremit. Cire’int II will he* 
aiiain e'eemple'te'el, anel re-lay R1 I e'ne'riii.se'el teieepe'ii e-ire uit l‘{ teMle'-ene-r^ise* t he- re»tary ma.jj;ne‘t. 
Rhe* wi])e'rs will thus he* ste'ppe'el te) the* ne*\t te*rmnials. It that line* is al.se) hus\ , the* private* 
nia^ne't will re'inain e'liertii.se'el. anel the* reetary mai^ne't a^iain ste-p, anel .se) e)n until an ielle* line* 
is femnel. 'Jdie* private* ma^ne't will the'ii de* e'ne'rois(‘ anel triji the* side-switehe's te) the* thirel 
pe)sitie)n. 

I I. R.ai’th te) make' hu.sy the* line* e*e)nne*e’te'el. 

jr>. Re-lay R I .-> e-ner^ise's. 

It). Rin^injj, e urre-nt eire-uit te) the* he-ll e)f the* ealle-el line*, i’e'la\ Rlti ele)e'S ne)1 e*ne'ri^d,se*. 
When the re*ee*ive'r is lifte*el te) answe'r. If Mi e'ne'i’iiises. 

J7. Jvctainin^’ eire*uit e)f re-lay Rllk 

IS. Batte'iy fe'e*eling e*ireiiit te) e*alle‘d suh.scrihe'i’. Re-lay RIS i*ne'j’^».ise‘s. 

Ill Re-lay RIS re've*rse*.s the- e*e>nne‘e*tie)ns (e) re-lay I R.'R anel the* emrre-nl in the* e-allimj; 
suhserilK*]’*s le)e)p is e-einse-epie-ntly re*ve*rseel 'I’he* euri’ents in the* twe) winelin^s of tlx* re-lay 
MR are* neiw in the* .same* eliree-tion. anel relay MR ene*rgise*s. 

20. 'Rhe me'te'f AJ nejw e'lierj^i.se-s, anel re'jriste'rs e)ne' e-all at^ainsl- the- e-alle-r. 

21. 4’he line* winelin^j; e)f the- re-lay MR is she)rta*ire*uite'el. ^ 

22. If all the* liiu-s in the part ie-ulav gre)up se-iwin^ the IMRX. e-alle'el hael he*en husy, re'hiy 
R22 w'e)ulel e*ne'itxise e)ve*r tlie* le)opeel (*’^m 1 terminals (partly eive-r e-ire*uit 14). 
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23. circuit of relay Jt22 and private inagn(‘t l\M. As J*M does not de-energise, 
the sid(*-switehes do ja.t move to lli<‘ third j)flsition. 

24. A husy tone is giv(‘n to the calling suhscriher. If the* connection had been made 

througfi a manual f)oard. a lamp Hashing signal would be giv(‘u ov(‘r th(‘ same circuit (see 
Kig. 4()). * 

2r). VVh(*n th(‘ callitjg rcceiv(‘r is replaced after conversation, the looj) I is open(‘d and 
relay 1113 de-(*uergis(‘s. cir uit 4 is tlum opened and (tIU de (*nergises. 13ie holding tarcuit 5 
lM‘ing tluMi op<‘ued. th<‘ ln'(‘ suitch HSO coil de (‘lu'rgised. and the switch is restored to 
.tuaanal. Jlt3 and (IH4 complcU* a circuit for the reh'ase magtad which (‘ruu’gises to restore 
the switcfi. and again open r ormal contacts 

// /Ar nifi has hvf'n made through a nainual haanL ciiciiit a would b(‘ earthed at the 
cord, and relay Ka would not <‘ncrgis(‘. 

43i(‘ coim(‘ctor is opeiatcd as Ixdorc dcs< rib(‘d to call a liiu*. 

2<i. With th<‘ sid(‘ switches in tin* third position, relay H2li energistvs 

27 'rh(‘ subscrib(‘r s loop I and 3 is tium (‘\tended ilirectly to th(‘ wipers without con- 
d(ms(‘j‘s or bridg<‘s. and microphone current for tia* called party is from fei'iliT-bridges in the 
cord. 

dearing. 'Plu' withdrav\al of tlu* plug opens the* loop, and IIv3 and (1114 d(‘-energise to 
r(‘lease tfie connection as before 


Section 20 

RKPKATLR WORKING 

Kepeater in an Outgoing lYunk between two Automatic Offices. Direct impuls- 
ing, through iutcrm(‘diate oflic(‘s. has not be(*n fouiul satisfactory in practice, owing to tin* 
impulses losing their sharpiu'ss and just as long teh^graph and other lines have to have their 
(Miri’ents relayed, so automatic impulses have to b(‘ rclayt'd or r(‘})(‘ated 

;\t till' distajil ('lid of a trunk a ri'lay is introduc(*d which n'sponds to the maki's and 
br(‘aks of tlu' dial send(M\ and usually this same r(‘lay opens and clost's a new loop circuit 
which (‘\t(Mids to lilt* otfic(‘ Ixyoiid. ddit' impulse' ciim'iits may la* r('peat(‘d a st'cond and 
third time as rc({ui?'ed, 

t'ig. 41t shows a r('|)eater circuit, a^ list'd by t ht* British Post Oftici*. 

A bridgt* is comiectt'd across tljr loop at the seJt'ctor end of tin* trunk, whi(“h completes 
a circuit tor a rt'lay at the distant end, which responds to tlu* openings and closings of the 
lu’idge in resjionse to the dial impulM's This bridgt* also (‘onnects tlu* condenst'rs togeth(*r 
to prt'vent tfieir discharging into the circuit In some circuits tht* condensers an* t'litirely 
cut off from tht* outgoing trunk whilst impulst's are bt*ing s(*nt. 

'Phe circuits arc numbert'd in the order of operation and are as follow's : 

1. The loop is extemled from the st'lcctor banks, or otht'r switclit's, and imjiulsc relay 
IIP t'pergises. 

2. (liiarding rt'lav (llt2 energises and rt'inains t.'iiergised during imjmising. 

3. Holding and busying circuit for prior switch.^ 
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4. C'ircuit compleU'tl tliroiigli re-lay H4 \vlii(‘h, however, does not eiK'igise owing to the 
currents in the two Vindings o|)jK)sing eaeli otWer. 

f). Loop eoinpleted over trunk to distant ottice, tJirough relay lO and retardation eoil 
KC. The local eir(;iiit through H4 iiolds it energis(*d when the loop circuit is opened. 

When digit impulses ar? sent relay III' de-energises aiui re-energis(‘s, according to the 
value of the digit. • 


- Tk. from 



6el. Level ^mf. Distan t Office ^ 

Refa^ MR must not puH up until current is reversed by 
answering party, 

Fi(.. '111. I{ colt <)i ’n.ni\(. 'I'm nk Ac'it* ro Ai ro. 



<i. Relay R<) energises on the Hrst de-energisation of IR' and rmnains en(*rgis(‘d for th(‘ 
tlurati(»n of tlie impulses. 

7. '^riu* ass<K‘iated chain relay (uiergises v\ Immi relay R- t‘nergi.s(‘d. All chain r(‘lays 
energised indicate^ wlu*n all trunks of a grou]) are busy. * 

S. Circuit T) is optaied at relay R<), and a new loop circuit closed and opened at IW for 
impulses to trunk. Afterihe impulsfis Rti de-energises and circuit o,is again completed. 
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When the CMinvnt is reversecf at the eonneetur hy the siibserih(‘r answerinf^, the currents 
in relay K4 are tlu^n in tiie same direction l\^(\ P4 energises. ' 

h. The windings o^ n*lay UP an‘ theji reversed, and cnn'ent in tlie calling siibseriber’s 
loop icversed to o])eratc the meter, (‘te. 

The talking circiiii is from loo]> I to loo]) 5 through tlie condensers. 

Microphone current for the calhu* is from nhiy IK'. Tin* mlled paHy draws batttTy 
from the connector, • 

in. When the calling subserilxT ch'ars. UK and (iR2 de (auTgise ; relay Plb energis{‘s 
and maintains eartli on the holding circuit for a britd' period to ensure* ^dl switches being 
'Vel eased. 

Repealer on Outj^oinj^ Trunk between an Automatic Installation and a Manual 
Board (I' ig. bn.) - 1. Jam; (‘xteiided from a sek'clor to im])n]se relay IIP, 'wliieb ciiemises. 

2. Kelay UK 2 energises. 

2. Pirciiit. tbnaigb manual board eom])Ieted througb retardatuui coil KU 
4. Holding and Inisy cirenit for ju ior s’viteb. 

'rile digit impulses (h* eiM'rgisc* and ic energise relay IIP. 

Pireuit 8 opened and closed int(‘rnn(tcntly to send impulses to line. 

\Vfi(‘n the (‘allcr cl(*ars relay IK' and UK2 de-(‘jK*rgise. K(‘lay Ho ('n(‘i'gi''(“s to main- 
tain earth on guardini! \\ir<* I', until .switebe.s rel(‘as(* 
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Section 21 

TRUNK OFFERING GIRCUIT 

A ticket is niafle out t’or«t*ach ^kunand for tli(‘ uso of a tniuk or toll ai)(l A\h(Mi a 
toll line ])ecomes idle tli(‘ e?ill is !*evers(‘d, and the ori^iiuil ealh'r is now called by tlu‘ trunk 
Operator. Betwen thes(‘ })erio(ls the eallcT may have initiat<‘d aiud-her call, or he may 
have been called by another ]>arty and his lim^ now tests enp:a^ed. A^ain, a ])arty (Uioaoed 
in a local comieet-ijin may he recpiin'd foi‘ a t»*iink call from anot-her (‘\ehanu:(‘ and he has 
to be ^iv^en tlie o])tioii of abandoniin* the local (‘all and taking tlu' trunk call. The operator 
must thendore la^ able to make (‘.onneetion with an engag(‘d circuit and olfta* tla* call, a-nd 
when th(‘ caller of the local (‘ojinec^tion r(‘f)lae(\s the r(‘e(‘iv(‘r (if lu* is th(‘ party want(‘d). the 
local e.omieetion must bt‘ sc'vennl Tli(‘ <»|)(‘rator tluai r(*l(‘as(‘v th(‘ ofTeiinn circuit and 
completes tlH‘ connecting over th(‘ regular circuits. 

In small (^xchang(‘s it may be suHiciimt 1(» (tall two digits cm th<‘ olfering cmuuvtor, 
but in larger exchanges it is advisable to k(*ep th<‘ calling uniform foi* all typ(‘s of calls and 
dial the full numbc'r. A distributor or dii»it s(*leetoi‘ is us(‘d in addition to th(‘ conn(‘ctor. 
This aiTang(‘m(‘rit is shown in Fig. ol and the circuits are number(‘d in tin* ord(‘r of opc'ration 
and ar(‘ as follows : — 

1. A plug is insert(‘d in the jai k at th(‘ trunk exidiange and relay IF (‘n<‘rgis(*s. 

2. R(‘lay (slo\\' to d(‘-('iiergis(‘) (*neF'gis(‘s. 

2. Distrifmtoi' (‘ugagingM*ircuit. 

thirst digit mipulses sent. 

4. On the first break relay B I and Ilu‘ vei'tii'al magn(‘t M4 emagist^. B-l is (‘iiergiscal 
for the duration of th(‘ tram of impuls(‘s. 

Magnet iM4 lifts the shaft to the 1(‘\ (‘1 associated \(ith tin* <liuil. 

0. Privat(‘ magn(‘t Mo en(M'gis(‘d. 

Aft(‘T' the train of impuls(‘s rela\ B' r(‘mains energis(‘<l when circuit 4 is opemnl so that 
R‘l d(^ energises. Bo tluai d(‘ ('laugises and the sid(' switclavs mov(* to th(' second position. 

Second digit/ inijujlses. 

0. On the iirst break circuit 4 is (‘xtended over ejr<*uit ti. iu whicJi B.4 and the rotaiy 
magnet M<> an* t*n(*rgised. 'Tlie wip(‘rs are cairi(*d louiid the ai'c a distance* corresponding 
t(‘ the digit. 

Mb is again (‘iiergised in circuit o. 

After tin* train of im[)ulses B' remains cnergist'd and Bd d(‘-(‘n(*jgis('s. 

7. If t he (!(jiine(*tor is hiisy a circuit ill bt* eorujdi'ted for .Mo ov(*r sieh* switch A in see-ond 
position, so that Mo do(*s not de-energise and tin* sjch* switches, t/h(‘n*for(‘, an* not mov(*d to 
the tl’.ird position. 

8. Relay Bo is en(*rgised and heh.l ov(*i* the shaft off normal contact. 

9. Busy flash circuit to calling line. 

If tfie connector is idle the privaR* magmd .VIo d(‘-(*iK*rgises aft(*r the sc^cond diirit. and 
the side swikdies move to the third ])ositioti. 

10. Belay BIO ent*rgises. 

11. Trunk (*xtend(*d to the coim(‘ctor and n*lay IMl energised. 

12. Tlu* third conductor B is e.xt(‘nd(*d to (xarth at connector afl(*r relay Rl2 en(‘j^gises, 

1. ‘l. B(*lay B 1 2 (*n(‘rgises. 
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Relays R' R2 de-energise. All the sc^leetnr apparatus is cut from the line to the 
connector. • 

Third digit irn})ijlses : — 

14. Oil the first break relay Rll de-energises. Relay RI4 energises in s<‘ri(‘s with 
vertical magnet Ml 4, and the*shaft steps up the wipers to the associated U'vel. 

15. J^rivate magnet rIo energises and opens the line circuit to tlu‘ wipers. 

After the trAin of inipiils(‘s relay Rll remains energised and circuit 14 is opened there- 
for^. relay R14 de emergises, then R15. The latter allows tlie sidi‘ switches to pass to the 
second position. 

R( mrt h -d igit i m pulses. 

Hi. On the first break relay R14 is again energiscHl, in seri(‘s witli the rotary magnet M IH. 
MH) rotates tlie wijiers a distaiu^e corresponding to tlie value of tin* digit. 

After the train of impulses relay Rl4 de-cnergis(‘s, then R15. 

]7. The trunk line is extended to the wipers. It is to be noted that- no connection is 
made to the test circuit, or third conductor, and that the line wires conii(‘cted to the local 
circuit an* insulated. The ojierator can, ther(*fore, otter the trunk call and, if accepted, the 
hanging up of the local caller s receive*!' will release* the* e*e>nneH*tion in knowm manner. 

Relay Rl 1 r(*maiiis across the le>e)]> on tlie* trunk siele e>f the condeaisews. anei relay R13 
remains energise*d. When tlie offering ])lug is withelrawn the cemnectiem is i’t*lease‘d in known 
maMn(*r, 
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Section 22 

TKs r (;lerk’s cx>nnk(;tor. for inward calls (Fig. 521 

« 

for iioiicimI v\o] k’. and In aNo used for dials tnyii sui)sc*ril>cT.s’ oHicos. 

Tlir cijciiits,. iiiim))(T( d in tlir o]‘d(‘r of ojMM’alion, arc* as follows ■ - 

1. W’lifii a conncctioi I- (‘xtiaalod tln*oni»l) 1 }i<‘ ooiuTal sysU'in. r(‘la\ If' is (‘iinrgisod. 

2. liolay IM! (‘ncigised 
.‘I Line (‘n^ag('<l 

'l ens digit iiiijnilscs ivciacod. 

I tMi tlio first l)r(‘ak r(‘lay Hi oiuagiM*- in Main-' uitli tin \crtica] inagnot M4, and 
wi|H‘is arc' sto|)jK'd up to a particular k'\o! 

Hrivatc' inagnol AI-'» !'> oin'i-giM., j 



'rj'^r (’lki{I\'.'> ( 'oxxjj t« {' iiu L'i'j 


After tla* tj'ain of impulses, relay H4 de-eiu‘rgi.si\s. tla'ii M l, wla'ii the sidc'-switclies jiass 
to the sei'oiifl position. 

Tnits ini|)iii.ses r(*ec‘i\(‘d , 

t). On the first hu'ak H4 tmergises in sc'ric's witli the rotary magnet and the wipers 
ai’(' stepped round to a [lartieular set of terminals. 

MT) again eneigises in circuit 5. 

After the train ol iinjuilses H I and thcai Mo dc'-energise, when the side-switeh<‘s pass to 
the. third position. 

7. The line eiVciiit is extend(‘d to doiihle wipers. Relay IT is a bridge across Ou* loop. 
H2 remains (Miergised, , 

s. Additional trains of im]mlse.s may now be rei^dved on the s})eed tester. 
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loRef 

Maf^nei 


I'lt.. ln\i sn n* ’ri-^ii\«. (‘ii;imi 

J*lu^ J(»i‘ dial spci'd tc.'^tiiiu ( l'\i; adj. 

Tliis circuit similar tn tlu- alK>\r, and the ciivuits art‘ similari\ nimdK'i’td The 
relay IT is eoimecdetl to the plug with I he eaj‘th(‘d winding eom)(‘eled to tlu‘ tip. 






Al’TOMATK' TKI.KPIIOXE SVS'J'EMS 


(i5 


Sectiop 23 

TESTING EQUIPMENT IN AUTOMATIC SYSTEMS, A. T. M. CO. (Fig. 54-61) 

» 

For making ijisulat ion, insist anco, and otluT uolldcnown tests, in antoinatie systems, it 
is necessary to provide selectors and connectors that ent off all operating nu’chanism, an<i 
Icifv^e circuits from U‘st jacks, over selectors and connector^, to tlH‘ siiliscrihers' liiavs as eksin 
metallic circuits without hridges and the like. 

For exc^hangiti having a capacity of from 2 nno to ,‘>.onn lines, connectors may Ih* wircil 
to the test hoard, and the lines 1 m* called hy plugging into jacks associatcMl with the particular 
100 rerpiiriMl. and th(‘ii dialling the tens and units digits only. 'This is not satisfa.(^tory for 
largt* otlices, and two digit selectors, or distrihutors. are used, oik* connect(*d to ea-t^h testing 
position, which, in r(*spons(‘ to tin* first two digits of a four figuri* numhei, conn('(‘ts with a. 
pai‘ti(Milar coniKM'tor*. For syst('ms of over Io,00(> lines such foni’-ligurc c([uipments are 
provided for each 10,000 liiK*s. 

One test connectoi- is provid(‘d for each 100 suhscrihers' lin(‘s. 

\\’lK*n the test hoard has moi“(‘ than one jaisition. the (*i[nipment lines an* multipl(*d on 
thii dillerent ])ositions oj- sections with lamps, to indicate liiK*s Inisy on oth(‘r positions. 

On th(‘ left of thi* diagram (l^\g. el), a single position test d(*sk is shown. 

A t w()-])osition desk is sliowii wir(*d to a distributor and a (‘onmM*t()r. 

Th(‘ circuits, numbered in the onh*!* of op(‘ration, an* as follows : 

1. \\'h(*n a jilug is inseited into a jack, say *1', n‘iay IF energis(‘s, 

2. Ii(*lay R2, slow to dc* (*n(*rgise, energis(‘s. 

.‘k Relay R3 (‘lu'j gises. 

4. Jiamp L2 glows, to show multiph* lim* (‘iigagcd on otlu*)* positions. TIk* honu* lamp 
1/ do(‘s not glow. 

First digit imjiulses sent (Fiji. or)). 

5. On till* first de en(*rgisati()n of relay JF, r(*lay IF‘l eiu'rgises lor tiu* duration of the 
train of impulses, and the vertical magn(*t st(*ps the \vip<‘rs up to the lev(*l corresjionding 
to the digit calleil. 

(), Private magnet Pti (‘n(*rgis(*s. 

After th(* train of im|mls(*s relay R" remains energist*<l, Rr» dc* (*iu*rgis(‘s, th(*n relay iFl. 

Flic sid<* switclK*s are then caused to mov(* to tin* second position. 

Second digit impuls(*s. 

7. On the first de i*n(*rgisation of relay K/, relay Po re eiK*rgisi*s for the duration of the 
train, and the rotary magnet P moves the wi]M*rs rouiitl to tin* terminal corr(*sponding to tin* 
digit called. 

P»»elay re-en(‘rgises in ciicuit b. 

After the train of imjmlscs W remains energised, Po d(r-eiiergis(*s, tla'ii Pt), and the side 
switelies move* to tlie third jiosition. 

S. Relay (*ncrgises over P', to connect P' to side sw4t(di arm a. 

9. A clean metallic cinmit from jack through distributor, and relay Rh (Fig. br)) energises. 

10. Relay RlO, slow' to de-energise, energises. 

Tens digit impulses (Fig. btl). 

11. On the first de-energisation of .M*lav RO, relay Rl 1 energis(‘s fof the duration of tin* 
imjmlscs, and the vertical magn(*t V stops the shaft up to tin; desired lev(*l. 
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J2. Private jiiagn(‘t RI2 energises. ^ 

After the train of impulwH relay H!* r^maiiis energised, circuit 11 is opened and Rll 
de-energises, then H I2‘. Side-switclu-s ste]> to the second irosition. 

Units digit impulses. • 

On the first de-eiu'rgisation of relay R9, eirenit fl us again closed, and relay 
Rll energised for the duration of the impulses, and the rotary magnet R steps the 
wi[)ers round to the corresponding set of terminals. Uireuit 12 is again t?lo.se(i. and Rl2 

energised. • 

AftiT the train of impulses, R 1 1 de-enm-gises. then Rl2, and the side-switches are stepped 
to th(* third |)o.sition. 


Kk\s. Ttsi- 
I 

Ellin Hi‘M-i(i>Ml. 

'A KiiiIIiiiik { fiiiic. 
I. ■>. \ .M. jiriMss Ei»f. 


Kt t s, 


'I'l'STs. 

I Hal Test 
Spnakllii.' Tt“»t 
\ M |{<>\ 


1 . 2 . 


3. 4. 


6. 7. 8. 9. 


Order of Keys and Labelling. 

Z. Reversing. 

3. Earthing. 

4 Voltmeter, 

5, Batterfj Cut Out. ^ 
e Dial Tester. 

7, B atterij Supply to Sped kin gSet. 
a. Speaking, 
s. Voltmeter Reversing. 
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H. lU'lay l\l4 is energisi'd. over depress(*d holding Uiiv on test hoard, to extend a eleaij^ 
metallie eirenit from the test jack to the eonneetor wipers for testing pur]>oses. 

lo. Suhs(TiheF’’s ent-otf relay energises over P2 and eirenit S, to hnsy the calleil 

line. 

Hi. Shonld the eonneetor he hnsy (after eirenit 8). the side switches n and h are in the 
second position, and r('lay R I (i energis(*s. 

1 7. Relay R17 em'igises. 

IS. Lainj) L' gloMs as a hus\ signal. 

The private magni-t Rli is held energised over circuit Hi', and th(‘ sid(‘ switches are 
prevent(‘d from moving to the third position. 

Hi. For internal l(*sts a key in the plug shwe ciremit can energise relay Rlt). (/ircuit 8 
is then upenc'd, and r(‘lays Rs and Rs' de-eiKjrgise 20. (uireuit 17 is then earthed over 20 
and relay R17 energises, and lamp 1/ glows. 

Jf the Huhscriher’s line called is engaged, relay RS' will be short-circuited, and circuit 20 
will' he completed, and signal given, as before dcscrihed. The party testing may listen in, 
hut Y ill delay the test. 

Fig. T)? sIk^ns ic,. eonneetor for use without a dlstrihutor. *The eireuits will be readily 
understood from the description of the connector ci^,^llits (Fig. r>G). 
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Kei^ 1 . Dialling 
Key2‘!‘ Reverse 
Ke^3^ 


{ f 





K0u3 razors spean 
^ and Listening 

Kei^3?<t4. Cond. Teat 

Keu5. Ifripulse Test^w. 
^ & Dia/ Speed Test 


KcuG'^ + Line Test ibr 
“ ■ £arth 

Keu6^ ~ Line Test Tar 
^ Earth 



Keu7, Rore/bn Tbtentta/ [ ~- 
and Continuity I ^ 


Key 8. Low i 




Batt. 

Supply 


Kio. .“ill. 'J’est (’irV'uiTs Koit Test Desk Kevhovho. 


S^Dry Cells 



TEST OF CONNECTORS IJSINC; TESTER No. Ha 


(>s 

r>S shows keyboard circuits on a test desk ; and in Fig. r>{) is shown, in simple 
diagrams, tin* tests tliat can he made, andOie association of the different keys. 



I’e.. <»!.- r’vri/rsMrA'''. 1 \<omin<. ( \. 'r. AI. (’o.’s System). 

Fig. (iO is a t<‘sting eircnit for small automat i<‘ (‘Xchanges. 'J’liis is self-exj)lanat()rv. 
Fig ()1 is a circuit of a fault num's incoming Iin(‘ on tlu^ t(‘st desk. This wull he rc^adily 
understood witliout d(‘,scri|)ti(m. 


Section 24 

TEST OK C'.ONNECTORS HSINtJ TES'I’ER NO 11a (Figs. 62, 63 

The test of a coniK'ctor (‘iitails tin* connecting of tJic w ipcis to om* of the t>ank contact 
sets, and for this |)ur})ose the “ tM) * contacts on (*acfi coniK‘ctor ar(‘ utilised, w hetluT a working 
line is connected to these contacts or not. On each connector unit a single jack with asso 
ciati'd lam|) is provided, and connected in such a way as to meet 1h(‘ n‘(|uirem(‘nts of tin* t(‘st 
and at the sanie timi*, })raetically, to <‘Iimiuat<‘ interterenci' with traltie to or froni th(‘ ' ’ 

line. 

Befon‘ comiiKMicing the test, tiie plug on the tester is inserted into t]i(‘ tMt ' jack, init 
it is mparfdHt that this hr )}of (hue until it hits been ilefinitelp asrerfaineit that the tine is 

not emjmjed on on ineotnimj rail, otlierwist* the call will he interrupted. It will be necessary 
therefore to insjiect (‘ach connector on tin* unit, including tin* trunk offering and test con- 
nectors, to ascertaii\ tliat none of them an‘ <“ohneeted to the ' lit)" line. VVIkmj this has 
been veiitied the plug may he inserted. 

^ The WAsevVum Ww \\o\ vwXerXv ve wWh a euW ov’igwvated t\\e '' suhseiiher 

a\n\^no steps need Am- tatv. n to ascertain whether t h(‘ line is (-ngaged on an originating call 
Onroig (la- pcyiofl of the test, from tJie mojiK^nt of insei;tijjg the ])hig info the “ 09'’ 
jnrk 1.. the of its «itli.lr,i«al ar, the eeHipId^i,.,, of the test, the following im-eautioiis 






D/scnm/nat/ng Re/ease Test Jack^, 

Relay 


Connector* Switch CircwL. ^ 

Ki(.. liter ITS on (^NNKeToii in eoNM:(Tr<>N tvrni Ku-. r.'j. 
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• 

imisi f)o tak(‘i) to (misuic* the nhiiiinurn of interfereiiee with the service to and frf)ni the “ 09 
line 

When a call is jiiach* frojn any source to the ** 09 “ line, then, unless the connector under 
test actually has its wijjius <»n the “ 09 ” contacts, a rin^ will he rt'ceived on the tester. The 
t<\stin^ f>llicer will then ascertain, by glancing at the lanij) as.Wiated with the “ 99 jack, 
if the ' 00 “ line is engaged on an originating call. If this lamp is glowing, signifying that the 
“ 0f» ' line is (*ngaged on an originating call, the ])lug must on no account be Withdrawn from 
the* ‘‘ 0!J “ jack, but the te.'ting otlicer inu.st find the connector which is calling, and Jl)y 
])iugging into the* jack oji the connector must advise^ tlu* calling suhscribei*, or operator, that 
the numl>er r(*([uin‘d is engaged. If there is no one on the line at the moment of plugging 
intf) the eomicTdor jack, as might ha])pcn in the case of a trunk call incoming to the 00 
Iin(‘, the t(‘sting officer must wait on foi* a r(‘asonahl(‘ ])cri(>d, hut none of the relays on the 
eonneetor must )m‘ louched with tin* ohj(‘et of (*alling an operator in, for, should the call be 
local, tins may have IIk* effect of registering a call on the originating subscriber's meter. 
When the calk'r has Ihtmi advised that tin* “ t>0 ' lifu* is (‘ugaged, the testing officer should 
wait until the (‘oimeetor has been r(‘leased, and tli(‘n juoeec'd w itJi tbf‘ test. 

If the b(‘ll on t}i<‘ t(‘st(‘r rings, and t h(‘ lain]» associated with the “ 0!) " jack is jiot glowing, 
the testing officer should inmiediat(‘ly reinc>\(‘ the ])hig and then find tlH‘ connector which is 
being used on the call and ascca'tain by incans of a liand s(‘t that ringing current is going out 
satisfactorily, or that th(‘ t\N(> suhscriluM’s arc in conimuni(*ation. When this call lias been 
completed and the eonn(H*tor has been relea.s(‘d, the phie is inserted into th(‘ “ 00 ' jack and 
the t(‘st is proee(*ded with. 

If a call is jnad(* to the “ !t0 " line whilst a eonn<‘ctor inuha* test is .standing with tlu* 
wipers on the “ 00 ' cojitactsa calling subscriber, or operator, will get the busy back, althougli 
the “ 00 ' lin(‘ juay not be* aetnally (‘ngag(‘d on a call. In this eas(‘ the testing officer, who 
throughout th(' test should he on the akrt to recognise .by tlie sound of tin* impulses when any 
eonneetor on the unit undcT test is .stepjjcd u]i and aronral to the “ !)0 ' contact, must glanc(‘ 
at the lanij) ass()(*iated with tin* “ 00" lin<‘ and, if this is not glowing- signifying that the 
“ 00 " line is disengaged- should rajiidly locate tlu‘ calling eonneetor and, in, sorting the plu^* 
of a hand .set in the eonneetor jack, ascertain if the caller is still on the lijie, and at the .same 
time remove the bn.sy toiu‘ fnun tin* line by relea.sing the switch witli a stroke from the 
r(‘lea.se magnet armature. The caller, if still on the line, should h(‘ told that “ 00 " was being 
tested, and should be aske<l to repeat the call, and the testing {)lticer, immediately on making 
this re(|uest, should withdraw tlu‘ plug from the ‘ 00 ” jack and wait for the call to come 
tlirougb again. When the call is eomj)leted, and the eonneetor utili.sed on it is releaNcd, 
the testing otlicer .should rein.sert th(‘ plug into the 00 " jack and jaoceed wdth the te.st. 

If tfu* te.sting o|)erator liears a ecumeetor being ste])j)ed to tJie " J)0 " contacts, and no 
j'ing is rcc(‘ivcd on the hell on the tester, due, as exj)Iained above, to the wipers of tlib con- 
nector under t(*.st being on the “ 00 ” eontaets, then if the lamj) a.s.sociated with the " 00 " 
jack is glowing, the te.sting ofTieer need take no notice of the call, hut jirocoed with the test 
in the ordinary way. 

Tlie tests described luu’ein sliouki he made when the amount of traffic is low. When 
carrying out tlu-sv tests the fact that a switch ])as.scs the electrical tests specified does not 
j)rove that it need.s jio attention, and a close watch .should be kept on the switch whilst under 
U‘st to asei‘rtain that all tlu' mechanical movements are quite normal ; also that there is 
no exces.sive sparking at aiiy of the contacts. 
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Having taken tlie [»reeautious previously specified with regartl to tJie testing of con- 
nectors, the f\ppro])rffite plug on tester No. 1 la»is inserted in the “ 99 ’ jack on the r(*lative 
unit, and the battery ]>lug is inserted in the battery jack on the unif. All the keys on the 
tester must be in th^ir normal j)ositions. and a hand set conn(‘cted to the b'ster by means of 
the jack ])rovided for this ^>ui^)ose. 

I. («) Insert the test |)lug of the tester into the jack on 1h(‘ conm^ctor to be tested . in 

doing so vote Ihnf the f/iscrlmivatlug relay ((') i-s* evergise/l. Dial “ “ on tlu' fast dial. The 

sli^ift should be stepped ii]) and round smoothly and regularly and, when tlu' wijuTs conn* to 
rest, the bells on #he test(‘r should be rung interrujitedly. Note that th(‘ interrujitions are 
regular, and allow the ringing to fiersist for a few seconds to insint* that tlu‘ alternating 
current through the bells and condenser is not suthci(‘nt to tri}) tin* ringing. 

(b) Throw and immediately reU'asc* the ring cut olf k(‘y (N. (’.().) in the silevt ptTiod of 
the ringing, and vote, that the ring rat off relay Is avtaated at the same instant that th(‘ key is 
depi^essed. Note also that the ringing ceases and that the* haek n^least alarm lamp (if any) 
on the unit glows. 1'his t(‘st must be made* at an instant wluai th(‘ back r(‘k‘as(‘ alarm lamp 
is not glowing, due to the conditions of sonu* other switch on the unit. 

(c) Throw tile rt‘l(‘ase key and note that tb<‘ switch is smoothly restored to normal. 'Fhe 
back release lamp is extinguished unless the alarm conditions ari‘ being givaai by sona^ otla^r 
switch (Ui the unit. Restore the release* key. 

Note. - hi t he follow ing tests the back release* alarm lamp w 111 ghnv oeeasionally, but this 
is not referred to as the foregoing t(‘st ])roves all (hat is nee<‘ssary. 

II. (n) Throw the shorl -circuit key (S(’) and dial ** 99 ' on Die fast dia*l. The bells on 
the tester should ring, lieleast* tlu* short-circuit k(‘y. 

(/>) Throw and immediately r(*store the ring cut off key in a ringing period of the ringing 
and note that the ring cat off relay is artaaled at the saine instant the hey is depressed irithoni 
any rihration of the relay springs, 

(r) Throw^ the release k(‘y to restore* the* switch tei normal. Re'stoie* the i-e'lease 

key. 

III. (a) Throw' the busy key. Dial ‘‘ 99 ** on the* slow^ dial. Note* that, the* wijieTs e‘ome 
to rest em the* “ 99 " contact anel that the* “ busy back " is heard in the receiver. 

(h) Dial the* third “ 9 " and note that no move*ment is irn])ai*te*el to the* shaft. 

(c) Throw the* reh'ase ke*y to re*stene the switch to normal. lle‘store* the* re*le*ase ke*y anel 
the busy key. 

IV. (e/) Threrw' the sheirt cir’cuit (SC^) key anel elial ‘‘ 99 ' on the* slenv dial. The bells on 
the te'ster shoulel ring. Rele*ase* the* sheirt circuit key. Mome*ntarily ele'jiiess the ring cut- 
off key te) sto]) the ringing. 

(h) Throw the ceaitinuity ke‘y ; lamps R anel Q should gleiw w it h charae*te‘}*istie* brilliancy. 
Any variatie)!! in the glow of these lanijis fremi that geme'rally e)bse*rve*el whe'ii carrying e)ut this 
test elenotes a fault. Restore* the e^eintinuity key. 

(c) Throw the line* euigageel key. Lamp R should glow inelicating that the* “ 99 ' line 
is made engageel by the cemnector. Restorv the line e*ngageel key. 

id) Throw the buz/er kt*y anel note that a “ buzz ’’ erf characteristic lenielness is obtained 
in the receivt*r, proving the ce)ntinuity eif the* transmissiem circuit. Thjs “ buzz'* wifi be* 
of sufficient verlume to l)e hearel without reme)ving the telephone from the hook on the* t^ester. 
Any appreciable variation in the ve)luiAe of this “ buzz ' from that ge;ne*rally heard em this 
test elenotes a ^ault (by a wire e>ff a ce>#uh*nHer). Restore the buzzer ke*y. 



TEST OX SELECTORS WITH THE TESTER Xo. 14 

(0 Tfirow the rciciisi* krv to r(‘>to?‘(‘ the switc h to norniaJ iiiul t}it‘n lestore the release 

k(\. 

W (</) Throw 1 he switcliin*^ la‘\ . then hold the release kev d(»\vn for the short |)eriocl 
Mee(\ssarv for the* shaft to r(‘tiirn to tiormaJ aft(‘r having ree(*iv<‘d oik- impulse from tlie 
\(*rtieal magiu't. 'riiis r(‘l(*asc*s the* dis(‘riminating relay ((^) eficTj^ised on the previous test. 
Dial “ JM) on the fast dial and note that th(‘ hells ring. Momentarily depress th(‘ ring cut 
ort key to stoj) the ringing. * * 

(/>) Throw th(‘ eotitiiniit;, k(‘y and note that lamps P and i) glov\ with charaeteristh; 
liriHiancy, although fiot nee(*ss.o‘ily identical with the glow ol)S(‘rvi‘d in \\k. (h). Aiiy varia- 
tion in th(‘ glow of thes(‘ lamp, from that gcauTally ohservc'd whcai carrying out thi^' tcvst 
d<aiot(‘s a fault. 

(r) lic'store th(‘ continuity ke\ and d(‘pr(‘ss the* i<‘lease kt^y to i-eston* the switcdi to 
normal and thcMi rotore (he rc'lease kc'v. 

\'l. (r/) V\'ith the switching k(‘y still thrown, throw the* hiisy key and then dial ' Uir' on 
theslow^ dial. M’h<‘ husy hack should Ik* ol>tain(*d in the n'cc'ivet*. 

{h) 'Jdirow coiit inuity k(*y. lamps and D should pass eontinuouslN through the following 
c\cle of glows - 

i). Ih ight. \(‘i \ taint glow : hrighi , 

I*. Dminied normal glow , dimmed, 

and so on. 

(r) Hestore the Imim k(‘\ and the* suitehing key and IIh'U (k*pi‘e-^ (he j‘eh‘as<* k(‘y to 
re>'(ore ( h(‘ sw itcli lo ma iual 


Section 25 

TEST ON SELECTORS WtTH THE TESTER NO. 14 (Fig. 64) 

d'liis ((*ster is us(‘d in conn<‘ction with th(‘ roiitim* test of the s(‘leetors on the* A. T. M. 
( o. s automatic system. 

"I'h(‘ (i‘st(‘r is e({uipped with (1h‘ following apparatus . 

I Sjieaking key for use* vDth a Switch Attendant s Teleplmnc' No sn. 

I * Fast ■ dial. 

1 Slow ■' dial. 

I Short circuit key for replacing the normal ITAko of the* test circuit hy a 'short 
circuit having a cajiacity of 2 microfarads. 

1 Batt<*ry j»lug for use with the* power jack on st‘U‘ctor hoard. 

I Testing plug for use* on tlie selector switch. 
l(i Two [Kisition keys asso(*ia(ed with Itt lamps for t(‘sting th(‘ engaged condition 
i)f a, group of 10 switches and for making those switclu's artificially engaged 
(or guarded) as r(‘(piired. 

Ten-way, cord for connecting the testef with a le\.el specitieil on the routine 
testing sclu'duh*. 
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This tcstf’F is used to test a large group of s<‘leelors at the same time, Tlie test of all 
the.se seleeU>rs will l*e earried out l)\ dialling tine same digit, i.c., the tester will during the 
whole of this time he <'onnee.ted to the same level. 

I’he routine tending scheme for overhauling .-'electors provides for the lO-way cord of 



th( tester No. 14 to he moved from level to level so that in a 
sav. 12 months, every level will come under test, 
d’lie proecduri' w'ill he as follows : — 


,seri<*s ol tests e.vtending over, 


(1) 

( 2 ) 
(2) 
( 4 ) 
(■>) 
(<i) 
( 7 ) 
(H) 
(f) 

(in) 

(II) 


Joiiiu'ot tiu* lO-way oord to tin* lovul iiidkatod on ihr roulint^ tosliiio schedule. 
Insert the hatter> j)lug into the |)ow(*r jack. 

[nsert test plujUJ inti) jack of s(‘leetor aliont to Ih‘ tf‘sted. 

Dbserve all k(*y^ normal . 

Dial digit of the l(‘vel chosen using th<‘ Fast 
I’nll ajiprojiriate key over to ‘‘ Lamp. 

Observe that ihv corresponding lam]) glows. 

Depress releas(‘ ke>\ 

Observe that the lamp is extingniNhcAl (uni 
u])()n an actual call). 

Tlirow' the kt‘y over to ** Cfiiard. 

I^peat (5) to (10) thus testing the next bank 


dial. 


tlu‘ trunking circuit be engtiged 


\k contact on the same level, and 
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TEST ON SELECTORS WITH THE TESTER No. 14 

incidentally testing tin* cojitinuity of the trunking circuit, as a disconnection 
in the trunking circuit wouhi make the switch “ vibrate.” 

(12) 'IVst in this way at least sewen contacts on the switch. 

(12) Restore th(‘ keys to normal and j)roceed to test the next switch. 

• 

( tire must he taken to oi)S(*rvc that th(‘ sek*ctor docs not pass^a disengaged contaet, but 
takes each in turn if th(‘y arc available. 

In the use of 1 ester No. 14 (and in oth(T cas(‘s also) it is an advantage for the testing 
oflicer to fac(‘ the switch under test continuously. Jt is found that lii^ attention is dis- 
tracted by the necessity for tie ling a j>ar1icular digit hole in the dial each time, and this 
can be n‘medi(‘d by inserting a small cork into the aj)pr()|)riate hole of the dial switch. This 
will enable tin* testing otiieer to dial the aj)f)ropriat(' digit any number of times by ‘‘ feel,*^ 
i.e., without looking at the dial. 



^ ' •? 
■■V? 
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second jrresehefors an* similar to tho first, rxcrpt that as thoy do not refiuire to 
r(‘tiJiii to normal ; a fourtli arm is not nccofi-jarv. To tho nuiUii)lc‘ contact l)anks are c^cm^ 
}i<*ct( (| 10 lijH's which l(*a<l to first schotors or relay repeaters. a(‘Cordin^ to the system used, 
d'he multipl(‘ comic'ctions of the first and scoond preselectors artt so opoiipc'd that a 



Khl < 17 . Sii-:mi:.ns (’onnkctoij Switch 
wrniorr IUnk am> ('hadi.e. 



• ''urTINCMAOMflf 
flCMI HANOUOIL 


'Xa contact 


..irriNGMACNcr 

ATMATURE 


RrilASt MAONEI 
"^'AHMATURl 

ill INOOtttNT 

.^HOTA^Y OLItRI 

kotaryhiohe# 

COILS 

CftAOU 


Kh.. ()S. Smlmkn*- ( 'TCNNKcnH! Sw ri’(n w ith |{\Mv 
wo (’iWOl.K. 


suhsci’ihcr has aeei'ss to any first sek'ctor or relay re])C‘atc‘i‘ in the* jiartienlar j^roiip to wdiieh 
he is ennneeted. /.c.. in a full oroup to any one of lot), • 

The |)resel(‘etors are driven hy int(‘rrupt(‘d current, at a s[)cc‘d of 00 steps ])tT second. 
11ie first and s(‘eond presc'h'ctors and associated apparatus are alike for both full and 
semi automatic ecpiipments. 

Selectors. 'I he s(‘h‘ctors have vertical and rotary motions, '^riic' first is undcT control 
of the siihscriher s^dial imjmlse scaider, hut the lattcT is automatic- in its action. 

^'he lifting lUiition raises tlu' wipers to the rca^uirc'd k-vt-l. whcMi circuit changes an* 
<'ffc‘<t<(l which switel^ in the rotary motion, the wipT-rs then being st(*pped round bv^ inter- 
rupted current at a sjieed of thirty steps per second.; Each eontael on tla* li^vel is tested as 
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tht^ wiper j)asses ovei* it, nnlil. wIhmi au i(ik‘ Jiiie is tli(‘ vvi|M‘rs ai‘(‘ kj'oimlit to j*(‘st oii 

that eontaet. 

Selectors and Connectors (Final Selectors). SienuMis Ihotliers were llu‘ first to 
.separate the relays*froin tlu; mc'clumism nuaintint^ and tit tlanii in a small paiud adjacent. 
Fig. 07 shows a pers])ectivi‘ view from the left front of the mis hanism w ith t he w i])er> asso- 
ci|ited with the^shaft. Jdg. OS sliows a perspeetivt* view from the right front of the ineehanisin 
with the wipers and hanks. This view also shows tlu^ method of mounting and fixing tlie 
base plate. Fig. Of) sliows tht‘ relav groii]) assoeiattal with i‘aeh switch. 

These switches function on tlu‘ wadbknown Strowger prineipUx hut vaiious moditi('at ions 
have been iiiad(* to render them via-y reliable. Tin* following aic* sonu' of tin* modifications 
and the advantages claimed. 

The lifting and rotary movahh* 
detents havt^ been sejiarated for th(‘ 
folkivving reasons : 

faeililate individual 
adjustment through 1 he r(‘sj)ec- 
five ratchet. A locking nut 
is provided tor th(‘ ad just numt 
of the vertical (hdent t(> ob- 
viate the necessity for bending 
t he same. 

I’o allow the >haft to ro- 
tate with certainty on tla* ver- 
tical d(‘t(‘nt, by ])reventing this 
detent from being ])artially 
withdrawn from tla* tooth 
during the I'otary move- 
ments. 

The above construction 
effeetually priwents the ])os- 
sibility of the shaft dropjung 
a, level at tlu* comimMictmient 
of the rotary movement, due 
to the vertical detent being 
partially withdrawn wIkmi the 
rotary dettMit lift.s ovtT tla* 
first two. 

A stop for the lifting pawl on the lifting magnet armature has beiui added, and this 
considerably increases the rang(‘ of ratio of mak(‘ and break, wit hin w hich ndiabk* op(fration 
of the switch is obtained. 

On th(* banks 11 contacts have been })rovi(h*d in th(‘ arc to allow of the last contact 
being us(‘d to stoj) rotation if the It) junctions are engaged Ilusy or other signals e(in be 
jirovided on this contact if (h*sin‘d. 

Fbonit(‘ is useil as the insulation material on tlie banks becaust* of its non-hydroscojiic 
nature, and because of tlu* accuracy wdth wdiich it- can be manufactured. 

Special [frovision has beiai mado for elleetually clamping tin; banks. This has been 
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<l()no by introducinjij anotlier clanijiing stnci at the extreme end of the hank arc. This also, 
ill a measure, jiroteets tlie v\i|)(a*s from injury. * 

Meehanieally operated (contacts assist in the control of the selectors : — 

(a) The K contacts ar(‘ fitt(‘d on th<‘ shaft head and are operated whenever the first 
v(‘rtical step b(‘gins. One* type of K contact is used throughcUit the full range of selectors 
and connectors. 

(h) Th(‘ W contacts arc ‘ontrolled from the shaft side and are operated when the fifst 
rotaiy st<‘]) begins. One typ( of V\’ <*ontact is used on all selectors. 

(c) The M contact is contiolknl from the rc^leasi* magnet armature w^ieh. when in the 
operated jiosition. holds th(‘ M contact o])(‘n. The same type of M contact is used throughout. 

The ri'lease magnet begins the K^h^ase, which is <‘omj)leted mechanically. 

Kach sel(‘ctor is suppf)rt(‘d in a specially design(‘d cradlt‘ uhich reduces vibration and 
noise to a minimum. 

Clonnector (Final Selector) . 1'hc connector completes the connection for the^wo 
tinal digits of a called immbca’. Each coimc'ctor gives access to MM) subscribers' lines. 

Itinging, busy, fria' and lamji-llasliing signals arc controlled from the connector. 

T h(‘ c(jnn(‘ctor switch(‘s ar(‘ practically idiadiiad v\’ith the si^lectors in construction, and 
also have vcaticaJ and rotary motions, both of uliich an^ iiiahu’ the control of the dial. 

1 he lilting imMion laisc^s tlu* wipers to the napiired lev(‘l. v.c.. s(‘lects th(‘ particular tens 
grouf), ('iixMiit changes are then cH’cctcd which swit(*h in the rotary motion, and the last 
s(‘t ot impulses ste[>s tin* wipiTs round to tin* (*ontact of th(‘ de\sired number 

If th(‘ d(‘sired lin(‘ is idle, ringing current is sent out and a free*signal is given to the calling 
subscriber, but if (‘ngag(‘d busy tmu* is giv(*n. 

M<*chani(tally ojHU’atcd contacts assist in the ccuitrol of the connector, as before flescribed 
for the s(*I(‘ctor, 

Th(‘ r(‘lease magiH't begins the r(‘leasc. which is com])l(‘t(‘fl mechanically. 

Each conn(‘ctor, like th(‘ selector, is supportcal on a sj)ecially d(‘signed (*radlc, which 
reduces vibration and noisi' to a minimum. 

In the diagrams the automatic sw'itch(*s and relay contacts an* show)) in their normal 
or resting jiosition. 


Section 27 

CIRCUITS OF A FOUR-DIGIT SIEMENS SYSTEM (Figs. 72 to 76) 

Tlu“ circiiiis on a through coimoction, ongagiiig a line .«witeh, preseleetor, first and second 
selectors and a eonneetor, are as follows. The eirenits are nnnihered in the order of opera- 
tion. 

1. W hen a receiver (Fig, 72) is lifted to initiate a call relay W energises. 

2. Circuit tlirough driving magnet M2(ni). The line switch wijiers are moved round 
at (iO^stej)s per second. The wipers nK>ve off the normal contacts, ther(*by disconnecting 
the test wire C! from the connector multiple haidvs, ^nd so engaging the calling line against 
incoming calls. 



AUTOMATIC’ TELEPHONE SYSTEMS 


79 


3. When an idle line is found relay R3('l'') energises in series with relay RR3(J12). 
Relay R' is cnt off. •Relay R3 opens driving eim-nit 2 so that the wipers come to rest on the 
idle line contacts. 

:V. Circuit 3 is <'oinpletc(l over 3' so that the resistanca* of relay K3 is about 15 olinis. 

If now another iireselcctor, hunt ing for another idle line, touches the multiple eoiitaet of this 
busy line the calling test relay being shunted by this l.->-olnn winding will not oj)erate, and 
thfi wipers niov^' to the next contact. 

4. The looj) 1 is now (extended to the ])resclcetor (Fijjj. 73). This ]>r(^sel(-ctor does not 
return to normal nhen rclcasc'd. 

5. Relay RPv3 enerj^isin^ com])letcs circuit 5 over the contact, on wliich tlu‘ wiper last 

came to rest and, if idle, that line will a^ain be taken into us(‘. ^ 

5'. Circuit 5 is joined to 3 throujjrh the 10 ohm windinji; of relay H5(T2), and relay K113 
cut off. Magnet M2 is also cut otf. 

0. If the line found connected is busy the driving circuit is completed, and magnet 
M6(b2) rotates the associated wipers until an idh‘ lim* is found to th(‘ ]>reselector. 

7. The loop 1 and i is then cxt(‘nded to the first selector and relay 117(A) (Miergises. 

8. The lamp L glows to indicat<‘ that the .switch is in use. It is also found valuable in 
traffic observations. 

9. Short circuit for (HMi-obm coil of relay R.'>(T2). ^ 

The test circuit from the preselector is completed tbrougb circuit a and r. . m parallel 
at the first selector. The 259 ohm resistance on relay RI2(V'.*) is wound iiubictivt'ly. but the 
number of turns is such that it cannot operate or hold the relay. It does, however. imi)rovo 
the spccil of oi.cratioM and the time lag of relcas,-. R.-lay ltlt5(C) energises, but plays no 
part in building up the coiimrtion. 

10. Relay R7{A) com])lctcs a circuit for relay U10(^^*), which energises and cuts relay 
R5() from the R line and comu'cts th(‘ naardation coil \W in its ])lacc. 

11. Relay Rld(VM opens the circuit to the group nday and comjdctes a circuit to glow 

lamp L'. 

First Digit Impulses (Kig. 74). t)n tin- first break relay R7(A) <le-energises and 

opens circuit 10, but relay R19(V*) is slow to de-energise. . ■ 

12. Kclav R12(V“) cncrgis(‘s, is also slow to dc*cncrgisc, and nmiains energised during 
each train of iminilscs. 

On compkdion of tlic fir>t impulsi* relay K7(A) rcdicrgiscs. ^ ... 

13 The sliaft is raisisl one step and tlie K eontacts are ojierated. K' opens l•lremt o 
to relay R12. K" opens eireuit 1 I and lamp 1/ eeases to glow. The magnet M 13(H) now 
respoiuls to the remaining impulses of t in- train to lift t he wi,>ers to t.b(‘ required level. When 
the dial returns to normal relay l<7 is held energi.sed over the loo)). ('ireuit 12 is now o]>en 

and relay HI 2 de-energises, t'irenil 13 to lifting magnet .Ml 3 is now open. 

14. The driving magnet .M 14(1)) is energised throiigli the interrupter, and tlie shaft ami 
wijiers are rotated. At the first stei> the W eontacts are opened. t3reint 13 is o])ened at W . 

to. Holding circuit for relay RR5((') is prepared. 

The W contact is ojicncd to ttirow relay R19(V') nndcr the control of relay J>7(A) for 

Hi. When the C wiper finds an idle line, hatlcry from the next switch energises .relays 
RR5(C) and Rl(i(A) (Kig. 75). Circuijt 15 is then effective. Circnil 14 is opened to stop 
the driving nuignet and bring the wifitVs to rest on the eontacts of the .selected line. 
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]7. TIk* (' wiper (eiiciiit Hi) eomieet<‘(l directly to enrtli over the slvift contact K 
to ( Mga^e the <*alle(l ]in(‘. and r(‘lav I* 1 7(( ') riKMgises. * 

J S. 'j’lie loop 7 is «‘\1 ended to the second selector. 

111. t'ireiht lor hridue <‘oil M I !i( !»( ') over i't‘lay int)(A) ; one windivg only of the former 
is elfective now . 

Second Digit Impulses (Fig 7r»j. 

- 0 . At tin* liisl hr(*alv <*1 the loop eii'cnit r(‘lay 117(A) d(‘-energises anti relay H12(\ -) 
i‘nergis(‘s. Dattc'ry is eonneeo-d to line through the oU-ohms jvsistanee, in parallel with 
the r)(M>-ohnis coil ot the retard, tion coil lU'. to < nt out self induction •from the impulse 
eireuil . and ti) increase t he euirent to line. Aftta- each train of iin])ulses r(>lay K12(V“) 
de-eiM‘rgises. 

21. Ih‘lay 112 1 ( I’l) eiieigises on liist Ineak 

22. 'Die 4(l(l-ohni winding ol relay 1121 i'^ -^hort cn‘cuit(‘d to make this I’clay slow to 
H'lcase during the inijailsijig. 

2.J. iS(‘W iinj)uls<' cu'cmt for l‘(‘la^ 1121. whcai K' operates a1 the lirst stc‘]). 

21 llelav 11I()(A) re energises and tin* lifting juagncd M24(hl) is energis(‘d to lift the 
shaft and open tla* K contacts. 

After tlu‘ inipnls(‘s I’clay J1 lii(A) r(‘niains iiaagised. (^ircuit 23 is ojien and relay I{21tll) 
reli‘ases. 

2.>. Th(‘ drivijig inagiict i\12o(J)). tluough (he interi‘U])t(*r, rotates the sliaft. At the 
first st(‘]» 1h(‘ \\ contacts ai‘e opened ( onlac't W 2 ojiens the circuit ot magiu't ]\124(H), 

2h. (Contact \\ plac<‘s rc'lay 11 17((') undca* the ctmtrol cd relay K21. 

27. When aji idle line' is found, relay 112 1 {P>) energises hy its 4nn-ohm coil. 

(’iriMiit 2o is opeiw'd to cut oil magnet Al2o(j>) to bring the wipers to revst on the contacts 
<d the sehrted line. Relay 1127(\’‘) (Fig. 7r») i.s eniTgiscMl. Conlael 2(i is opened and ivlay 
J117((') rel(‘ases. R<‘la,> Rl(HA) reh'ases. Circuit 27 through the 4(l<i-ohni coil is ojicn. 

2S. Holding circuit of rc'lay R2l(r») 

211. I he wip<‘r 27 is connected directly to earth to engage' tiie line. 

dtl. J. 40 op is is c.xtended to connector (or third selector). 

.H . Relay 113 1 (.\) is (Mieigised hy curjeut from the prc'vious s(‘k‘etor. 

32. llelay J132(F) is connected to the J5 wire for calls from a manual hoard, and i> not 
opc'rated at this time on an aiitomatic sy.slem. The circuit is earthed at both ends. 

33. R(‘lay JC33(Y^) is energised. 

34. R(4ay R34((') is (‘uergised over the (.' wire. 

35. llelay 1134 is dc'peiulent on the calling subscriber ovej’ the* (’ win*. 

3(). J*arallel jiatii to (*arth for relay 1131 (A). 

Impulses for Tens Digit on Connector (Fig. 7b). — llelay 1131(A) de-empgi-cs 
on first brt'ak. 

37. llelay J137(\ ‘I taiergises, rtunaming (‘lUTgised (hiring the train of impulses. 

3<S. Faralh'l path for relay J133(Yi) to hold it (mergised when contact K'opeiu^d. 

31). llelay 1131 (A) r(‘-energising sfejis the shaft u]) one level by i\l31), and the K contacts 
ar(yo])en(‘d. The further impulses step the wi}x*rs to the desired level. After the la^t 
im])ulse relay I13Fremains (*ji('rgised. C^ireiiit 37 is o])(*ned, and relay II37(V2) de-energises, 
llelay K37 opens circuit 3S, and relay 1133 de-eiuTgises. Relay R33 is not energistsl mi 
rotary impulses. RHay R33(Y^) opens eireiiit 3ikdo (.mt off ^uagmd. M39(H), and clones 
a eireuit for the rotary magnet. 
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Impulses, for ^ the Units Digit.- Relay R:il(.\) <li-. ‘iKT^is(‘s on 1h(‘ firsi l>r(‘ak. 
li.^7(\ .“) ('n(‘r^is(‘s as l)(‘toiv. Itrlay JiliJ n* (MH^giscs at tlu' tMid of t ho first impulse. 

4(h 'Die rotary magiud 1110(1)) is energised (part of eireuit over tJO). 

The \V eontaet js op('rat(‘d at th(‘ first st<‘p. 

41. New eireuit for rela>^ II27(V^). 

I he further impulse's st(‘p tJu' wipeTs round to tlu‘ di'sire'd line. An c'ngage'il lim* eannof 
be*iiite'rfe‘re*el Avi4h, he'cause' th(‘ lin<‘ and te‘st eireuits to tlie \vi])(‘rs ai'i' ope'neul at ‘M)\ liO^ ^MV". 

42. After the impulse's relay lv:U(A) re'mains eiuTgisinl over eireuit .*10 IM. 

Ivelay H*i7(\») de'-energise's, he'eause re'lay ll:U(A) ope'us eireuit ^{7. fireants .‘tO and 11 
open, jinel re'lay It27(\’') and magiied M40(|)) are cut olT. (’ireuits .‘{1 and :H\ are ope'ii, and 
rela\^ R 21(A) eh'-e'iie'lgise's. 

Ii(‘t\ve‘en the de ('n(‘igis;it ion of re'lays R:{7(\'“) and R27(\’'). the line ejdleal is lesteal. 

•12. if the* ealh'd line* is idle i-t‘la\' R.'I2(1*) is eiiergise'd o\(a* the* ealle'd sidiserihe'r s e*ut-olT 
rt'lav RR42 (eorivspomling to eireuit. 42. markt'd on the* <*alhng suhserihe'r's Iiik', h^ig. 72). 

41. The line' enlk'd is eaigageal f hrougli the 20 ohm winding of re'lay R42 The* line' 
contae'ts 20' and 20" are' elose'el. 

dT). Ringing eireuit ('ontaet; la' ensure's that re'lay R.27 shall he' fully re'h'ase'd he'fore' 
relay R4r)(TIv) ene'rgise's. 

W hen tiu' e*all(.'d siihsei'ihe*!’ re'jihe's re'lay R4r» e*ne*rgi.se‘s. The shorl-eij'e'uit t7isthe‘n 
ope'iK'el, aiiel the ROOO-olun winding of I’elay It la is in se'i ies ^ ith re'lay R21, wliieh holds 
until the ivJease' e)f the* eojine'e'fion. 

Re'lay RTh ene'igising e’uts eilT the' ringing anel jeiins the' A a-nel R> lines through to tlie^ 
ceiniK'eteir. 

4(). Circuit to Mocking alai'in signal, \vhie*h is emly iise'el em a single* rede'ase* system. 

4S. Rattery fe'eeling re*la.y R.22 is eainne'cted to the* e*alleel suhse'rihe'r's line*. Ife*2ay R2l 
again eneTgises ove'r 21 - 2(>, to eeinnea't te> the e*alling siele^ ed the A wire*. 

4ih Jfe'lay R.27 energise's. 

50. The calling siele* of fho R wire* is e'onne.Hte*el to the* scH'emd wineling of re'lay R.21. 
MeteTing batt(.*ry also e-emne'cteMl. Relay R24 is e'lie'rgiseel. anel is unelei’ the* e*ontrol e)f t he' 
calling subscribe*r, to guarel the* re'h'a.se' eif the* e*eume*ertion. Re'lay R.27 is e'lie'igise'd t(> proviele* 
fe>r the* re*gist rat iein of the call. 

If the' line* calle*el is busy, that ( ■ line' is eemne'e'te'el threiugli the* 20-ohm e*oil of its I'e'lay 
R*12 (corre'S])onding te) the* e'ireuit 4-1). \\ hi'ii, the're'ieu’e*, re*lay Iv27 ele*-e'ne‘rgise's and e*onne'(4s 

anothe'f R.42 on t he* same* (Mine*, tlie latte*r re'lay (020 ohms) is shunt e*ei by the* 20 eihms alreaeiy 
e)n the line*, and eleie's neit re'eu'ive suOieie*nl. e'lirreiit t<i e'liergise' it. 

51. Inte'rmitte'nt busy feme is now given to the* eadling j)a,rt\’ through re'lay R22 by 
indue*tion, anel a e*ire*uit for lamp flashing eeimjilete'd. 

When a Call is from a Line on a Manual Board. T\\r relays anel conde nse rs are* 
cut e)ut of e'ireuit, anel the sju^aking e-urre'iit is fe*el from the* ejord cireaiits. Rrior to the^ elialling 
of the te'iis eligit the e*onelitiems are* similar, e^xcept that battery is euinne'cte'el to the*. R wire^ 
from t he eiperateir's position. Relay R27 is the*n eiieiigiseel. R22 e'ue'igise's in cire'uit 22. 

52. Relay R 22 cuts etircuif. 20 fremi earth, and e*hanges it eever to re^sist-aiice, batje'ry 

and earth, ]>ut R21 remains energistul ove*r cire'uit 21. • 

52. Re'lay R22 cuts off c.onelcnscrs, and joins A anel B wire's through, anel eijieMis e iretiif. 4S 
to disconnect relay R22. (>iio winding^ howejver, is still connecteid tei-thc R wire by IS' at 
relay R45 
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of). Holding circMiit of relay R32, which remains energised until the cpnnection is released. 
The operator now. dials the nuinher rPquir(‘d, and the connector operates as before 
desirrihed. Wlu'n the called l)arty answers r(‘lav K4r) energises and connects the A and B 
wires through, and opens contact 4H', so that relay de-energises. * (circuits 31 and 50 

are o])(*n, and nday R31 (h en(‘rgis(*s. Ilattery feeding is from .the cords, where also the 
usual supervisory signals are fitted. ^ 

If on this manual call the <*alied [larty is busy, relay R33 is intennitfently energised 
(circuit 51). and circuit 52- :o; -31 is compl(‘t(‘d to the siqiervisory r(4ay of the cord circuit. 
Ibisy tone is also rcc(‘ivcd ov( circuit 4S to tlie B wire. * 

Release on an Aiitoinatic Connection. — Wluai the calling rcc(MV(‘r is replaced circuit 
7 is o]>t‘n(‘d, and re lay B7 de-eauagises Circuit 12 is closed, and relay 1112 energises, (circuits 
5 and 15 ar(‘ conncct(‘d at relay 1112 to earth relay ltlv-5, in connection with the registration 
(»f th(‘ call, (’ircuil 10 is oj)(‘m‘d and rt4a\ IMO de-energises. 

5(i. W'heii relay B 10 dc cnergis(‘s, relay B5(i is connected to tlu* B wire, and is eiUTgised 
by current from relay 1131. 

57. Batt(‘r\' is coniu^ctisl through 50 plus 4(1 ohm re.sistances to the (Uv ire, to energise 
th(‘ subscribcT s meter, i\lB57. 

(■ircuit 12 then opens and relay JM2 de energis(‘s. (‘ircuil 5 15 is opciu'd, and relay 

]{II5 d(*-cncTgiscs. 

58. '.riie release magiu^t M5S (Fig. 74) (‘iiiTgisi's, and Hie shaft and contacts K and VV 
retuj'n to normal, (^aitact 1\2 then o])cns release magiu‘t M5S circuit. Hinaiit 5 is opened 
and ri'lays 115 and 113 dc energis(‘ to ri'lcasi* the jire-seli'Ctors. Belay B3 connects up the 
subscriber's line reday B'. 

511. Circuit 2 is again closed and Ha* wifxas are retunuTl to normal. This circuit is 
ojiencd when \Nip(‘r 511' returns to normal 

Belay dc cncrgis(‘s slowly, lH‘caus(‘ of the short-circuited winding. 

(dreuit 8 is opiaied and the lamp J.* ceases to glow. 43i(‘ driving circuit is again com- 
jilcted. A and B w ires are o|K*ned. ( 'ircuit 5' is opened, and r(*la\ BB'3 is again connected 
in circuit 3. 

(^in-uit 28 is opened and relay 1121 de energises. 

(iO. rel(‘ase magnet M(i(i (Fig. 75) cauagises, and the shaft and Iv and W contacts 
return to normal, (‘ontact K' t hen opens the circuit of the release magnet. Circaiit; !(> is 
ccaupleted for relay IU(i. 

Ciriant 27 is ojieiu'd, and relay B34 de-energises, (liriaiit 44 is ojiened and rcilay R43 
de-<aua’gises. ‘Fhc ringing circuit 45 is open. 

1)1. Th(‘ release magn(‘t Mtil (aiergises and shaft and K and W contacts return to normal. 
Th<‘ r(‘lea.se magiH't ciriaiit is ojxaual. ^ 

(In the manual board the release is under the control of the operator. Wlien the C wire 
is opeiu'd, relay 113 1 dc energisivs and the operations are as before. 
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Section 28 

DISCRIMINATOR SYSTEM OF PRIVATE BRANCH CONNECTORS (Fig. 79) 

A study, t)y Siuiiiuiis JSrotlu'rs, of Ihu rcijuirointMits to Ik* in(‘t in providing an ulTiciunt 
system for dealing with private liranch exeliangi* tradie led to th(‘ dev(‘Iopinent of afi (‘iitiivly 
new system, in* which th(‘ ordinaiv form of (‘onneetor is rcjilaced hy automatic sv\itclu*s 
similar in construction to | ire selectors, luit provided with 2o contacts in tin' hank insteail 
of 10. These switches they liavi* (h‘signated 

'JVo such sw’itehes may la* used on (‘ach P.B.X. conn<‘ctoi\ and thi' circuit, arrangements 
are such that only one switch is hidught into us(‘ on a (‘all. I'^ach switch has live* wifx'is, 
four sets of contacts, and oik* normal and off-normal contact . 

If four Jin(‘s, or four s(‘ts of contacts, lx* ivservc'd for (‘ach P.B.X. (‘xchang(‘ numlH‘r, 
thet^ each discriminator can accommodati* liv(‘ P. B.X. groups, which leavt's live spaie 
e-ontaets tiuit can lx* utilisi‘d foi* judviding an additional line, or lines, for any of the groups. 

Eacli private liraiicli (‘xcliangc* has only oik* (‘xehange numlx'r, and wh(‘n that nundx-r 
is called the discriminator seeks out an idh* line in tlx* group. 

Two w’ipers in series form tlie testing (;ir(‘.uit, and the (;on tacts brushed ov(‘r by oik* of 
the wipers are coupled together, to form iivc* groups of four lines (*ach. 

A standard fire-seh'ctor, tiTined a di(jit swilch, is used to take* the' units impulses from 
the subscribers’ dials, the w'j]x*rs being st(*pp(‘d round a numlx*!* of (‘ontacts corn'sfxmding 
to the iiumbcT ealUxl. TIk* Ml contacts of I Ik* digit .sw itch art* winxl to Hk* t<*sting circuits 
of the 10 groups of lines on the two (liscriminalors, the* whoh* forming oik* P.B.X. eonntx'tor. 
When the digit switch wipt‘r comes to ivst on tlx* s(*l(*ct(*d contact, tlx* testing circuit of only 
one group is (connected u[), and tlx* lines on tlx* oth(*r groups t(*s1 (‘Ugaged to a. discriminator, 
wdieii searching for an idle line in a re(piir(*d groiij). 

The 1*. B.X, conn(*(*tors are thus divided into tens instt'ad of h.nmh'eds groups, and 
where necessary an extra lank of s(‘l(‘ctors is fitt(*d to s(*l<*ct. t he t(*ns group. 

^Idx* discriminator and digit switches in tlx* circuit shown in l’'ig. 7b an^ drivtm at a 
speed of steps }x*r secojxl. 

The P.B.X. Discriminator (Circuit (Fig. 7b). — Tlx* (breuit of llie. B.P.X. comx*ctor 
res(*mbl(*s that of the ordinary connector. 

An idle comxxtor cii-cuit is ,M‘l(*(*t(*d in tlx* usual way, and tin* subscriber dials tiu* units 
im])ulses. 

The digit switch is step|x*d round, and coupl(*s up tlx* driving circuit of tlx* nxpiired 
discriminator, and, at the sanx*. time, connects u|> the testing eircaiit of tlx; nxpiired IMi.X. 

^riie wipers of a discriminator an* brought to r(*st on an idle liix*, linging current is 
^ ap|)li('*l, and the liix* (*ngag(*d. 

If all the lines on tlx* JM>.X. are (*ngaged, tlx; discriminator steps round to tlx* last 
cimtact of the liank, wdu*re it stops and s(‘nds busy tone and lam})-tiashing signals towards 
the eall(*r. 

The circuits are numb(‘r(*d in tlx* order of o]H*rati(jn, and are as follows : — 

1. When a JMI.X, (umnector is taken into use, relay K/ is eixu-gised ovt;r t he third wiper 

of the digit switch, which is on tlx* normal contact, and ov(‘r t lx* (J w ire. * 

2. Earth is comiect(‘d to’one coil of#‘(‘lay B2, whitbi is energised o\1‘r the A ware* to the 
first selector or «c*lay rc]K*ater. 
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K(‘l.‘iy Kli is coniioc'U*!! to thi* l> wircN bill is ii(»t cnor^isc^d on ciutonuitk* < alls. bnoaiise 
tlic r> wire i> coiiiK'ctt'd to oartli at the lirst ^^eleetor. or relay rej>eater. 

4. Ii(4ay IM is ent‘r^is(‘d over the (' wire, to earth at th(‘ sekador. 

5. Holdin;i: eireiiit for rtday U4 whieli is now dei)(‘nd(‘nt n])on the ealliiig subscriber for 
r(4eas(‘, 

4’hi‘ eireuit is Jiow readv to ree(*i\(‘ impulses. 

d'h(‘ su]),'>>(‘rii>er jiow dials the units dieit of th«‘ re^juired number, and tlie dial retutiis 
tf> noi'mal. th(‘ JiiK' bein^ intM*rupt<‘d a numl>er of times eorn‘spondin^ to th(‘ valui‘ of tlie 
numbej“ ealh^l, • 

b. At the tij’st interni j)t ion, relay 112 di'-eiierszises, and I’elay llti (‘iieri^istvs. ddu* lattca’ 
is slow to I'ek ase. and I'cmains (aua-^ised durint; the ti'ain ol impulse's. 

7. ( )n t he* e-omple t ion eef t he first impulse*, le'lay 112 is amain e'ne'i mi'^t'd, anel the* eligit switch 
elii\ in_m juamne't Al7 je‘ee*i\e‘s an impulse*. I'’urthe*r impulse's of tlie* train are* neiw elirf*cte*d to 
the* di<.^it switch ma<j!,ne't AI7 1»\ re‘la\ 112 e.*(ndae*t, and the* v\i])e‘rs are me)ve*el remnel a numbe'r 
e>l ste‘])s. 

W’lu'n the* wij)e*is move freun the* neirmal to the* eetl neirmal eenitae-ts the; fe)llowin^ circuit 
e*]ian.me‘s are* bremmht abeeiit 

Wiper Xe» 2 pre'pare's the*drivmji mamiK't e ue uit e f t he* elis(*riminate>i* te» be* breiueht inte) 
use* te) e*e)m]>lete‘ the* ee)nne*e*f ion. 

Wipe*!* 2 e|isee)nneets 1 he* re*lay IT tremi t he* se*!e*e*teir ( ' w ire*, a net plae ‘*s it imde*r t he control 
ot ?e‘la\ Ilf). 

\\ i|ie*r t pre'pare-s t he* eliuit s\Mte*h eli i\ inm mamne*t .M7 le)r i‘e‘le*a*-e ee)nditie)ns. 

\\’i])e*j- j e‘e)nnee ts Up t he* t e*st mjj. e'lrceiit eel t he* re‘epin*e‘el I* l> X mreaip. The* te*stin^ circuit 
of eether mi’eaips eai the* eliserimmateu* are* elise*e)nne*e*te*el anel the re'lore* e*nmaue*el. 

( )n t he* e‘omple*t ie)n e)f t he* train of impulse's re*lay 112 i*> he'lel e*ne’ii;ise*d anel, as cire’uit (» is 
he*lel ejpe'ii. re*lay ll.f) j*e*le‘ase‘s. 

Ile*la\ lltiele* e*ne*rjj;isin^ e)pe*ns cire*uit 7 eii the*elimit swite h eh i\in^ mamnet M7. 

S. Cire uit S is eipen and re*laN .11' is re*le‘ase*d. 

Ile*lay 11' ope'iis e ire*uit 2. anel disce)nne*e*ts re'lay 112 fremi t he* A w ire*. 

t). Ilelay II' ek* e*ne*r<4isinjj ce)mpk*te*s the* eiremt e>f the* dii\ inj; mamne*t Alt) of the* elis- 
e riminateir Ala^ne*t Alt) is ope*]*ate*el anel rotates the wipt'is of the* elise riminator, 

Hf The* wipers .\ ' anel are* now re)late*el until an idle* line* is found in the ^.^reiiip e)n 
vvhie*h wiper I of t he* dijzit swite*h has he*en se‘t, w he*n re*lay 11 1 0 is e‘ne*i*; 4 ise*d throu<i:h t he* eul-otV 
re'lay eeii the w ante-el snbseriheT's ju-e-se-k-eteu' anel e-arth 

I I . Ile-lay 11 lu cleise'S a heilelinj^ e*ireuit for ilse*lf, t hreiumh its 2U-e)hm e*()il, at the* same* tinier 
e*njj;a< 4 inji llie se*k‘e te*d line* te) e)the‘r se'ai'e-hinj.^ elise*riminatois. 

12. lle'lay JllO .\ anel B wire* e*e)ntae‘ts (whie*h are e)j)en dnrini^ the se*arehing to ])revent 
inte*rfe‘re*ne*e em e*n^am<‘d line's). ne)W e'k)se‘. anel iinminjjj e*urre*nl is e'ommeteel to the* calk'd 
line*. 

llclay 1110 ope'iis e*ire*uit t), so elise'euine'clin^ tin* elise*riminate)r elrisin^ magnet, and 
hrin^in^ tlie* wipe-rs te) re-st em the e-alle'e! line. 

Wlieii the* ealk'el suhse*riher answeTs, relay 1112 is eneTe^ised. 

Kela\ 1112 re*me)ve*s the slieirt -eireuit from its st'eemd eoil, wliieh is iieiw he'kl eiperated 
in se'.»’ie*s with ivlay 111, eive'r eireuit 4. 

12. Ilelay 1112 e e)nne*e*ts threuigli the* A and B wircs; and opeais the ringing circuit 12. 
Ilelay in3 is now energise'd e)V(*r the loeej). 
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14. Relav H- is jiow ('iK^ruist'd fr(U>i l)at1rrv <ni tlic soUn tor A wiiv. 

If). Relay R() is (*iier^ns(Ml. • 

R). Relay KH eiu‘r^isiiijLr e^)nneet^ tli(‘ .second coil of nday R2 to th(‘ R win*, in ?(‘adiness 
for the registration iff the call. 

Tlu* sjx'akin^j; eireiiit is^now eoinjiltded, and i^ haianei'd l)\ t la* loil?- of n4ays R2 and R R> 
on o])posite sides of the eiauhaisi'rs. 

If all lines fli the wanti'd R. R.\. ^n‘on]» an* enjiajicd 

17. ddu* discriminator Inmt.v for an idle lim* in tin* manner just deseriht'd. hiil all an* 
cnjJta^ed. The lint*s en^a^i’d on originating ' dls Inivi* thi'ir ti'stini; circuits diseoimecti*d on 
the arms of the first |)r(*sel(‘ctoi‘s, thosi* en^atj^(*d on incominfi calls ai'c I'n^ajit'd hy t lu* 
3()-ohm coil of tlu* relays Rid holdinji. tlu* lin(*s, ami the diseriminalor* |)assi*s (►ver all lin(‘s in 
thegrou]) until tin* last contact of the hank is r*(*aeh(*d. w h(*n ri‘lays RlOand R' ari* eni‘i*gisj*il. 

Relay R 1 0 aft(*r (*n(*i’gi^ing is held through il'< 20-ohm coil (cii*cuit 11). 

^d'h(‘ ringing circuit is not completed, un t lu* A and R \\ iii's on t la* last hank eontaet^ oi t he 
diser-iminator are not usetl. 

Relay RKt opens tla* circuit of tia* disciiminator driving magnet. 

15. Rusy and laniji-llashing circuit. 

Rf‘lay Rl.'iis inti'rmittcntK <*n(‘rgis(‘d hut is not |•e([uir•(*d at this time, dda* Iium' toia* 
is induci'd in tlu* line coils of relay RI2. aial transmitteil ovi'r tIa* (‘ondi*iisers to the caller. 
The caller on la*aring t he husy tone replac<‘s his ree(‘iv(*r. and t he eoma‘et ion is r(‘leas(‘d. 

When a Call is made^froni a Manual Switchboard. W'lu n a call ^s se t up from a 
manual hoaril. oi’ from an incoming junction position, en’cuit changes ai*(“ automatically 
(‘llcct(*d, hy Avhich tlu* eond(‘ns(‘r*s ‘and hia* r<‘la\s on the R. R .\. conne(*toi’ arc* cut out of 

circuit, ddu* suhscrihc'r is tla*n dir(*ctly eouu(*ct(‘d t(» and tia* s|K*aking eurr(‘nt is t(‘d from 

the cord circuit on tia* manual hoard or from t la* incoming junet ion position. 

d'he (ir'st irarl of tia* sr'tting up (»f the eonrr<‘ction i-> tia* sana* as already oiitliia d, e.\(‘(‘|)t 

that, in this casr*, hat t(*r*y is conia‘cl(*<l t o 1 he R \\ ii’«* at tia* op(*rat or* s posit ion. 

Wh(*n, t la‘r(*for(*, circuit 2 is completed, as alread\ d(*.scrih(*d, I’c'lay R2 is (‘ni*rgis(‘(l. Irotn 
liattery, over tia* R xNii'e. 

R). Relay R2 eia*igising diseonnects the .\ ami R wires from the condi*ns(*r‘s, and con- 
nects tia* AV'ir*i*s tlu’ough, so as to gi\(‘ a ch*an na*talla* eir*euit tor sujier’visor’y signals, and lor 
f(*(*ding cui rvnt. 

20. A s(*cond winding of relay R2 is connect<*<l to the win*, so that |■(*lay R2 is held 
until tlu* r(*l(*ase of the connection 

(’ontact 12" opi'iis to discoma*ct the n*la\ R12 from tia* A and R v\ii'(*s. ( )ne coil of 

r(*lav RI2 still r’(*mams conia*cted to tia* R wni*. through r'(*lay R12. eontaid. 12". 

'J'lu* oper*af or dials the units digit of the numh(*i' «»f tlu* r*(*([uir(*d gr*ouj), and t la* (*onia*ct or 
is si*t on an idl<* line in the gr'oiip. as already descr'ih(*d. 

When the want(*d suhscriher replies, the tripping i*ela\ R12 is em*rgis(‘d, <*onneets tia* 
A and R wir(‘S through, aial discoma*cts relay RI2 li’om the l> wirr* at 12". Sin(*<* r*elay IM2 

is iiow' disconnected, th(* circuit of r'i*lay R' |•(*mains open at 14" contact. Ri‘Iay R is thus 
disconn(*ct(*d fiiuii the A win* at 14' ciuitact. and frmn tIa* R wire at Hi' conta(*t. 

T}a‘eall{*d suhscrila*!* is supplied with micro|)hom* eiirr’ent (lir*ect fr*om flu* manual hoar*d, 
and controls a supi‘r\ isor’y signal on the position, in aei*or*dane(‘ with standai'd nafnual 
])ractice. ^ • • 

A Call mttde from a Manual Pfoard when all the Lines in the wanted P.B.X. 
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Group are engaged. Tlir setting up of the eoiinector is as has b(‘(‘u already described, 
f)ut , siuee all tla* liiie> in the grcai]) are engaigt'd. the relay Klt> earinot lie energised to cut the 
driving circuit of the diserinuuator. Th<^ discriminator, thendore, rotates until the wipers 
reach the last eontael, whenaipon relay HlO anti relay IT are energised, and elfcct circuit 
changes as already d(‘.serib‘*d. ' 

21. Tiu‘ rt'lay 111*1 connects battery. inttTnutlently, t)V(‘r the A wire to the operator’s 
]K)sition. 

Jbisy t<»nc is also transmitted to the operator since tht‘ rt^lay Kl3 is conneett'd to the 
ii \\irt‘. through l.‘t" cordact f relay R 12. * 

On rt'ct'iving the lainpdlashing signal the t)])t‘rator withdraws the plug, and thereby 
releases the eoniu'ct ion. 

Release of the Connection when the Automatic (vailing Subscriber replaces 
the Receiver. Oy icplaeing tin* re«*eiver. lh(‘ calling suhscrilaM* sids uji the release condi- 
tions at tin* first selector, oi- r<‘lay repeater. l»att(‘rv is eonneeUsl totlu* H wire of the 1^H.X. 
(•(inneetor, over the i(‘iay 112. so tliat the call is rc'gistered as tlu' ?(‘l(‘as(‘ proceeds. 

The Release is given along the (' wire, through ll)(‘ various selectors in use, and finally, 
the (' v\ir(‘ l(‘a<iing to th(‘ l*.P).X. connector is opened, vvluaciipon I’clays 114 and 1112 an? 
released; r(‘lay II 12 is hovv(‘V(T slow to release. Ilelav 112 is also i‘(‘l(‘ase(l by th(‘ ojiening of 
the A wir(‘ at the first s(‘|(*etor. 

I loldmg eireuit oof relav lit is ojiened. 

('irenit I.") is open and rcTiy lir» (h‘-en(*rgis(‘s. 

Circuit 17 is opm and r(“lav II In dc- eiua-gisi*^. 

Circuit 12 opens the ringing eirenit ironi the 11 win*. 

Ilelav 112 is slov\ to (l(‘-energis(\ and N>' contact nnnains elos<‘(l whih' th(‘ laill is l)(‘ing 
Registered. 

W'Ik'Ji r(‘la\ 11 In releases contacts 12' opcai to pR‘venl engag(‘d lines lading disturbed 
while th(‘ discriminator wapiM's aR‘ returning to normal 

22. Circuit of the discriminator driving magiud Mil. 

Till* diseriminatoi* vvip(‘rs rotati', and are brought to R‘st on the normal contact, beeanse 
the driving eireuit is cut as soon as the normal contact is reached. 

2:1 'I’lie digit switch driving magmd M7 eirenit is now eomj)leti‘d, througli the dis- 
criminator wi])ers on normal contact, digit switeii. Xo. t vvi])er, magnet Ml and earth. 

The digit switch vvijaas rotate until the driving circuit is ojiened by tla* X"o. 4 wiper, thus 
hringing the w’ijiers to R‘st on the normal contact. 

The apparatus is now at normal and ready to he ))roiight into use on another call. 

ll(‘leas(' when the ealUal suhseriher rejilaees the receiver can he jirovided when rerpiiRnl. 

Release of a Connection made through a Manual Board. On these cajls th(‘ 
releas(‘ of the eonneelion is under control of the operator, as the called subscriber has no 
direct connection with the eonni'etor-switcli lelays. after the eomu'ction is set ip). 

Tlu* rel(*ase is giv en by the operator interrnjding the C wire. Idle diseoimeetioii is given 
along the C wire, tliRnigh the various selectors in use, and. finally, the C wire leading to the 
]M1.\. connector is o]M*ned, when relays JI4, 1112 and 113 release. 

4’he eirenit is now in the same condition as when the calling suhseriher, on a straight 
aut(unatie eonnoetion, liangs u[» first, and the release of the switches is effected as already 
described. 
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Section 29 

FAULT AND GROUP ALARM SIGNALLING ON THE SIEMENS SYSTEM 

(Virenit o])erati()n of fauU and oroiip alarm sijrnalling on tiu* lirst and si'cond j)t(\s(‘li‘ctor 
racks (Figs. 70, 71). • 

When th^ Rack Main Fuse Melts.— If the main fns(‘ V (Fig. 71), protecting the 
rack, melts tli(‘ relay Rtirj is energis(*d,<‘ith(‘r through the fault, or l>y th(* next eireuit brought 
into use. • 

Of). The circuit is (‘ompleted over 05 to fus<‘ har. then through tlu‘ faulty eireuit to I'arth. 

(>(>. Locking eireuit of relay Itor) until fault ree(‘iv(‘s attiMition. 

()7. Alarm lamji L glows to indicate* the* particular eMiT uit atleet(*d. 

OS. Lamp L2 glows to indicate on which rack the fault exists, and ii'lay LOS energises. 

•00. The section lamp glows. 

70. The alarm huzzer resounds. 

When the fuse* is re‘])lae*ed relay llOa i.s short -e ire-uitesl, to re'stoii* all e-ircuits anel 
ap})aratus to neirmal. 

When a Branch Fuse Melts.-- The‘se fuses are* eif standaiel type* (s(‘(^ h'lg. 77). 

71. When a fuse melts relay 1171 is brought intei e*ireuit, e*ither from the* batte‘ry directly 
or through t he me)te)r internipter, ace*e)rding te) which ])artieular e*ire uit is alfj['e*ted. 

72. The associated lamp 1/ gle)W^s. 

72. Helay LtiS energise's. as be‘fem*, te> e*lose earcuits 00 and 70. 
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P.C. (Permanent Glow) Faults. — Tlicso are quickly localised back, from the 
first scl(‘ctor to tlic first ])r(‘s(‘l(‘ctoT\ by coniti'ciiii^ a tone to tlic (’ line to the* lirst st‘lector. 
TIh* rack on ^^llicll tin* faulty line t(‘rininat<‘s can tfiim be quickly found, and, tliereaftcr. the 
faulty line. • 

j\ low r(‘sistanc(* rctanl ition coil is littiMl at each rack. an<l*tlq‘ holdiiifz circuits (*1) of all 
till' relays \{‘.i on the rack an* taki'ii tlirou<rh tin* ri't^irdation coil to earth. 

A branch from each n iardation coil is w'ired to striji.s of jacks, one jack ])cr ra(‘k, in a 
])osilioii <*onvcnient to tia* 'l>*st (‘l(‘ik. 

Tia* loia* conia‘ctcd to tli faulty liia* at tla* first s(*lcctor can tla*rc‘for<» lx* foinal quickly 
})V ta|)]>iii^ with a rcc‘(‘ivcr alon^tla* strips of jacks until, wla*n oia* is found, tla* jack to which 
if. is connected iiala*ates tla* nmnbi*]* of the first prcsch*ctor rack on which tla* faulty line 
t(*rminat(‘s 

A similar l(*st is appli(*d to tla* ( ' line on tla* t(*rminal strips on tla* racks. Tla* i“(*lays llT 
now act as ](‘tanlat ion coils. Tla* t(‘rminal on whii h toia* is found indicat(*s the nunilx^*!* of 
t la* pr<*scl('ctor 'Ida* t<*sl ch*rk can tb(*n hav(* the line coma*cted to a plu^eino-np eii’cuit. 
CJroup (Control (rijj;s 72. 7:i). 

71 n(‘la\ It7‘l is normallv h(‘l(l short -circuited by t he <*ont act s of tla* r(*la\s on tla* 
second pr(*s(‘l(*etor to which a particidar row of lirst ])r(‘s(*lcctors has ai'ccss When all the 
out<j(oin^ circuits 1‘rom the row of first selectors are siniultan(*ously (*nea"cd, tla; short ciiriiit 
is r(*mov(*d. aial r(‘lay 1174 cia*r^ds(*s. 

'Ida* prcsclectoi* motor dricin^ circuit 2 is o]H*!a*d, of the row of first ]>r(*s(*l(‘ct,oTs. to 
])revent switcla*s runnini!. shoidd otla*r subscrilK‘rs attcnqit to call Ida* })ri*s(‘l(‘cl ors do ja.)t 
o]x*rat<‘ whilst all the out).ioinjj( junctions an* busy, (’ircuit (> is not (“los(‘d. tla*r(*for(* the 
second pr(*si*l(*ctor ma^^nct is ent off. 

7.7 'roia* is eonia*ctcd to the transforna*r dd ’ aial indue(*d in cin*uit 1. A subscrilx*!* 
in those* conditions r('C(*iv(‘s tla* busy signal. 

7(i. (dre uit of ^I'oup lamp, to notify tla* traffic obs(‘rvation eli'rk that tla* lines ol that 
jrroup are* all busy. 

W he*n a see*ond pre*sele*cte»r be*coine*s free the short e*ire'Uit is re*me)C(‘d, relay 1174 de*- 
ene*r<i:ise*s, aial working be*gins again. 

Second Preselector Racks. 'Ida* fuse* alarm circuits (kig. 71) are* iele*ntieal to 
those* ein the* lirst |>rese*Iee*tor rae-ks, anei tla* e)pe*rating is. the*re*fon‘, (‘\aetly a‘> alre*ady 
eU*se'ribed. 

Group Gontrol Gircuit (Figs. 72. 7,4). — A row e)f lirst pre*se*le*e‘1ors has aece'ss to a 
e*e)lumn of lU sce*e)nd j)re*se*l(‘e*tea*s, e‘ae'h e»f t la\sc s(‘cond |)n‘se*li*e*t ors be*ing on a diflcre*nt re>w^ 

As soem as all the* sex-einel {)re*s(*le*cte)rs in eaa* e*e»lumn an* e‘ngag(‘d, the* driving e;ircint 
of the re»w’ eif first pn*se*lee‘toi‘s having ae*ce*ss te> that ])artie*ular e*e)lumn is e*ut aial busy teaa* 
is e*onne*e*teel te) the line re*lays. 

The se*ce>nel j)re*st*le‘e'te)rs are* arrange'el in 10 rows of 2t> switche's per mw, aia.l e‘ach row 
has ae*e'e*ss t«) a ])ane*l eif first sele'cleus. 

.It is cvielcnt, tla*re*fe)re*, that as 2U s(*e*ond j)re*sclce‘te)rs have* acce*ss to only 10 first 
sele‘e*tors. it be*e e)nk*s m*e*essary, as sexm as the* 10 se‘le*e*te^rs arc all emgage*d, te) ])reve*nt the 
e>the‘r' 10 idle* secemd pre*selecte>rs from being breiughk into use, l.c., that ceintacts em the* first 
preselecteii’s giving ae-ex-ss te> the'se* idle .seceiial preselectors must be* made busy. 



AITOMATIC TELKPIIONK SYSTEMS 


80 


Fiirtlier, the grcMip eoiitrols of tlu‘ (‘olunnis of the idle 10 s(‘eoo(l |>res(‘leetors innst also 
be cut, ill order that, should tlu* oth(*r switches i«i aii\ (“olinuii h(‘ hroui^ht into use. th(‘ ^rou[) 
relay on that eoluinn will be eiuT^ised, cut tlu‘ driving circuit on thi‘ row of tirst pri'selectors, 
and connect iuisy to*ic to the line relays. 

The driving circuit on a rftw of first preselectors is therefor<‘ (*ut, and buM’ tone connt‘cted 
to th(‘ line relays, if and v\lu*n 

* ^ ^ • 

(a) 1’he lO se(a)nd pri‘si‘h‘ctors, to which tlu^ row ha;; access, are siinullaiu^onsly engagtsl. 

(/>) Only soin(‘ of tlu' s(‘cnnd ]u*( ‘select (u*s are in use. but th(' outgoing lin(‘s on the idU' 
switches arc all engaged. 

Circuit Operation. — 'Plu' relay R74, (*ont rolling a. row of lirst j)r(‘sel(‘ctors, is undtu- the 
control of tlu* relays on the lO second ])reselcctors, to which tlu‘ lirst pres(‘lectors have 
access. 

^Innnediately a second ]>r(*seh‘ctor is taken into use, the group contn4 circuit 7(> on 
that presel(‘ctor is cut, by th(‘ nday RIRt contact, and when a fnn* lin(‘ is found relay Uf) 
contact, takes tlH‘ plac(‘ of relay HlRk which de (MU‘rgises. 

As soon as th(‘ 10 s(‘cond j)r<*s<‘lectors in the columns ai‘»‘ all engag(‘d, the relay Ra 
contacts ar(‘ all open, the slnat circuit is r(‘in<»v<‘d from the r(‘lay R74, which opi'rati'S, cuts 
the driving circuit of tlu* tirst ])reselcclor, comu'cts busy loiU' to the liiu* r(.‘lays, and closes 
the circuit of th(‘ grou]) lani]> (sei‘ circuits 74 -70). 

The grou]» eontrol ciicuit. on each of tlu‘ 20 second ])res(‘lectors in tlu* row' ref|uires to 
be cut, and th(‘ hatt(‘ry circuit fViMling th(‘ IMt‘1 n‘lays has also to h(‘ disconnect t‘d. Asso- 
ciated with the grouj) r(‘lay on the pan(‘l of tirst sel(‘(‘tors, th(‘refor<‘, ar(‘ four auxiliary relays 
(R7S), which ar(‘ tilt(‘d on the s(‘cond presck'ctor racks. 

\\ h(‘n t he lo lirst s(‘l(‘(‘tors an* all engaged, tlu* group r(‘lay R70 is (‘n(‘rgised, a,nd it. in 
turn closes the i*ircuit 7S of the H.7S rela\s. 

'rh(‘ relays I17.S contacts op(‘n the group circuits, on tlu* 20 s(‘cond ])ri‘S(‘lect.ois, and at 
th(‘ same time disccinnect the battery h'ad for the 1111*5 relays, thus engaging that contact 
on the tirst ])res(‘lectors which gives ac(*(‘ss to the row' of s(‘Cond pn'seh'ctors, th(‘ outgoing 
liiu's of v\hich an* all engaged 

As soon as a lirst selector hecauncs idle, tlu‘ grou]) relay K71> and th(‘ 117S relays de- 
energise, restore the second ])n‘-^(‘lectoi- circuits to normal, thcaehy opening them up again 
for furtlu‘r us(‘. 

On (‘ach second pr(‘s(‘l<‘etor a < ut-out kiy (’OK iv provuhal, to enabl(‘ the switc'h to be 
engaged, whim a mainti nance olticial is working on the circuit. W hen this key is ]>ull(‘d out 
the (’ line is disconnectial, ami the control circuit acrosN the group r(‘lay is also cut. A 
kaiu]), common to the rack, is associated with th(‘ cut-out. keys, and sc'rves to diaw attention 
to thf‘ fact that om* or more switches are cut out of circuit. 
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ALARM SIGNALS GN THE SELECTORS 


Section 30 

ALARM SIGNALS ON THE SELECTORS 

First Selector (Ki^. 74). On the first sdcc-tor racks .Wanu signals are provided for 
ilie following faults : — 

(a) Main fuse on rack nu^lts. 

(h) Branch fuse incite. 

(r) Shaft sticks on • ‘lea^'C. 

{(/) Siibscrihci's line is 

Alarms (c) and {f/) arc under tin- control of a time lag device. A groiij) signal is pro- 
vided to show when all tlie 10 selectors on one panel are siimiltam^ously engaged. 

4di(‘ second and suliseijiamt selectors are ])rovided v\ith alarms {a), (h) and (c), and the 
last is imd(‘r th(‘ control of a time-lag di'viee. 

First Selector (Kig. 74) Rack Main Fuse Melts. 

JS7. WhiMi the main fuse m<‘lts relay lvS7 (‘iU‘rgis(‘s. either through thc' fault or by the 
n(“.\t circuit brought into us(‘. 

SS. Belay BS7 closes a holding cireuit for itself. 

SO. R(‘jay BS7 eios(‘s th(‘ cireuit for the alarm lamp Ls!» associated witli tin* main fuse, 
so indicating \v)iich jiart iciilar circuit is atb'cted. 

00. Belay BS7 close's th<‘ circuit, of the' o e p. rack alarm lamp. Ls4. and th(' relay li84. 
The rack lamp indicates which jiartieular rack is affected, and rt'lay Bs4 closes the* section 
lamp and alarm buzzer circuits, as jireviously eli'scribe'd. 

AVlu'n the' fns(' is rejilaci'd ri'lay BS4 is short-circiiiti'd. release's an<l n'stort's the alarm 
circuits to normal. 

Branch Fuse Melts. — Tlu'se fuses arc of the standard Post (Iflici' type' (Big. 77). 

01. VVlien a fuse melts re'lay BOI ('nergis(‘s. (*ith(‘r from a balti'ry circuit, or through the 
motor int('rrupt(*r, according to the particular circuit alfectcd. 

02. Belay HOl closes the circuit for the rack lamj> LS4 and rc'lay BS4. and the 
s(*ction alarm lamp glows, and also close's thc circuit of thc alarm biizzea*, as before 
elt^scribe'd. 

Oil. Beday BOI close's the circuit of the lamp B03 on thc rack associate'd with tiu' branch 
fuse' alarm. 

The* re|)lacing of the melted fuse re\stores the alarm circuits to normal. 

Shaft Sticking on Release. — Whe'ii the' release magne't is eauTgise'd it is liedd 
unde'r current until the* shaft falls, whe*n the* circuit is broke'ii by the opening of the tey K 
contact. 

TiS. In series uitli the ivlease magnet is a relay RR5.S, which is energised and held, so 
long as the release* circuit is ('1 os(m 1. Relay KRbS only jwpares the alarm circuit, wdiich 
is uneler the contreil of the time-lag device, and only after a predetermined interval is the 
alarm sounded. * 

tT, Relay RRr>tS conne'cts relay R81 to the starting contact on the slow speed cam, and 
at the be'ginning of a revolution relay R81 is energised. 
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82. Relay, R81 when -(energised diseonneets itsolf from tlu» line to t lu* slow sfu^ed cam 
and locks up. Rcla^^ IIS I is now under t he coiUrol of th<‘ relay U liriS and. should t he release 
magnet circuit he interru])ted hy the shaft reaching th(' noiinal j)osition. relay IUI58 and 
relay RSl ar<^ relea.sed, without tin* alarm being souialcd 

8;h A circuit for relay is j)repan‘d, and if th(‘ faults condition^ an‘ maintained 

throughout the revolution (.)f tlu' slow-speed cam, relay llSIi i.s cn(‘rgis(‘(l l)y th(' (‘losing of 
tilt? alarm c‘oniact, and locks itself. 

S4. Relay RS2 ch^sc's a circuit for th(‘ rack lamp Ls-t and rclav RS4. Relay RS4 closes 
the circuit for«th(‘ s(‘ction lain]), and starts the alarm 
buzzer, as before des(Tibed. 

The fault is now localis(‘d by : 

(a) Section lam]). 

(/d Rack lamp. 

(r) Lamj) associated with shaft sticking alarm. 

(r/) An insjxH’tion of the s(4(‘ctors on th(‘ panel. 

4'he faidty scl(‘ct()r rch^ase magiu't will be in tlie 
operate ‘d ])osition. 

Wh(‘n the s(‘l(‘ctor shaft is rek'ased tlie alarm apparatus 
will return to normal. 

P. G. Faults. If a subscriber's lin(‘ dcv<‘lops a lault, 
or a recciv(.‘r is left oH’ the switch-hook, a. Hrst s(*l(‘ctor i> taken into u?;e by th(‘ ])rese- 
lectors, the r(‘lay R7 on the sehn'tor is (Miergised through tia* fault, and brings into taretiit 
the relay URh which is also (‘iiergiscal. 

11. Relay .RRll is (‘nergis(‘d, and the lamj) assocaated v\ith th(‘ sel(‘ctor glows. 

Sf). Relay RRll coiujihdes the circuit of the lan^p on th(‘ rack associated with the 
P.G. alarm circuit. 

Sb. Relay RRll cou])les uj) r{‘lay Rsi to the starting wire ot t[K‘ slow-spced alarm 
circuit, 'the operation of the circuit is now (‘.xactly as alr(‘ady described in SI S3. 

When the alarm buzzcT is sounded, the maintenance oHicial locahs(‘s the fault to the 
selector on whicli the R.(k lam]) LI I is glowing. 

A plug, to which is connected a battcay from a tom* c-oil, is ins(*rted into the* jack asso- 
ciated with the selector on the rack, and the faulty line is (]uickly lo< distal on the lirst 
pres(4eetor racks, as d(*scrib(‘d in connection with th(‘ lir.st preselector. As soon as the tone 
plug is inserted into the selector jack, th(‘ selector shaft is raised a ste]) or two by hand, 
thereby restoring the alarm apparatus to normal. 

Group Control Circuits. -A group relay is fitted on each panel oi ten first selectors, 
to control th(» first and second preselectors, and to show’ when all the s(‘l(a‘tors are simul- 
taneously {‘11 gaged. 

80. The relay R79 is normally short-circuited by the line SO, and K2 contacts in each 
relay set on the panel. 

When the selectors are all engaged all the lines SO are open, and relay R70 then energises 
in circuit 70. • 

81. Relay R70 closes the circuit of tlx; lamp on the traffic* observation position.# 

78. Relay J170 closes fhe circuit (i»f the relay R78 on the second •pr(;s(‘lcctor racks. 
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ALARM SIGNALS OX THE (ONXECTORS 


As soon as a st'Icctor l)(‘conH‘s lro(‘ relay \*\0 is released and the K (unitael resumen 
noi'inal. Helay short -eirenit<‘d and rWeases, so releasing llie re-lays RTS. The eireuits 

ar(‘ then at normal. 

Second and Subsequent Selectors 75). Alarm signals an* ])rovid(‘d on the 

folluwinj/; eirenits • ' . 

(a) Main fust* m(‘lt" 

(5) Rraneh liise Jiieii 

(r) Shaft stiekiiiLM)!! reU'ase. 

T\w relays and the eirenits are ai‘ran^(‘d (‘\aetly as on ira' m’sr seieeior aiagram, so 
that tlie o]ieration oi the eirenits is (waetly as alnsady deseril)(‘d for the lirst S(‘leetor. 

(h’on|) (‘oTdrol eirenits ; — 

These are not jiioxided on tlie >eeond and snhs(M[n(‘nt seh^etoi lacks. 


Section 31 

AI ARM SIGNALS ON I HK CONNECTORS (Kig;. 76) 

On the eonneet(H‘ rack" alarm siamds are pjovided for the follow in, e faults - 

(e ) Mam insc on rack nit'lts. 

(/>) liraneli hisc melts. 

(f) Shaft stiekinji on r(‘leas«‘ 

{(/) Hloekinji signal alarm tor nse on sin.ule releax* workmji. 

Alarms (c) and (d) are under the control of the tinu‘-lao di'viee. 

A liionp alarm .signal is j>rovided to indicate* wlj(‘n all tia* eoma'ctors on one* ])anel an^ 
simnltaneonsl\ enoaoed 

KtU'k Main Fuse Melts. 

04. \\ JuMi the mam fuse* melts the relay RttJ is (‘laTeised, (‘ith(‘i' thronoli tin* fanit. or 
by the* iK‘\t eirenit ln'(»n<j:ht into use*. 

!t5. Ke‘la\' IJtM e*los<‘s a holelin^j eareant fen* itself. 

!H). Re‘la\' I9.)4 closers the* eareuit e>f the* alarm lam]) Mk'Lht). associate*!! w itb the main 
fuse, so indicating: which partie ailai* eireaiit is alTeete*el. 

h7. Relay R!»4 e*loses the* eirenit ed the* 5 e*.]). rack alarm Jam}) L!)7. anel the* relay Hf)7 
eiit*r^d'^C!^. '^rhe* rae-k lain}) ineli(*ate*s whie*h particular rack is affe‘ete‘d, anel re‘lay Rt)4 ele)se.*s 
the eirenits feir t he*' se*etion lamp anel alarm lmzze*r. as preivionsl\ ele‘se*ril)t*el. 

M he'Ji the fuse* is re*plaee‘el re*lay R!t4 is short -eii\*uite‘el, ie‘leases, anel restores the alarm 
eireuits to normal. ‘ 
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Branch Fuse Melts.* 'riio.sc' fuM^s aiv of the l*ost OfHuc* .standard typiu 

9S. WhiMi ji fusu merits jvlay R9S is cMier^iNvd diivclly from t li(‘*l)atl(‘ry. 

JM). Rulay IM)S do.su.s the uircant for lln‘ rack lump LHT and relay IvOT. so olDwing the 
section alarm lamps ?ind .somnling the alarm Inizzer. 

ItK). Ivelay H!)7 c*loscv the eireiiit of tht‘ lamp mi the raek as.soeiattal ^\ith the hraneh 
fnse alarm. 

Tii(‘ n‘j)lacmg of thc‘ im^lted fuse restori's the alarm eiremts to normal. 

Shaft Stickinj^ on Release. — W'luai lla* r(‘lease magnet is encagi.sed, it is hc'ld umhu' 
current until th(“ shaft falls, wIkmi the* einant is hroken hy the opening of tlx* K eontact. 

til. In .seri(‘s AAith tlx* rel(‘a.s(‘ magned is a nday Util, \\hieh is en(a‘gis(‘d and hedd so long 
as the rcdtaise eircaiit is closed. Ihday Rtil oidy ])repar(‘s t Ik‘ alarm einant, w hich is undta* 
the control of tin* tim(‘ lair dcvie<\ and only after* a prishdiainincMl interval is th(‘ alarm 
sound(‘d. 

•ltd. Relay iJlil cdo.ses tlx* eii( uit for relay R-ltd. to t-lx‘ starting contact on tlx‘ slow' 
speed cam, aixl at thc‘ heginning of a ri'volution iTdax RlOl is (axa’gi.sed. 

Hl2. R(‘la-y IMtH locking cii’c uit . 

Ri‘la\' RlUl is now uixha’ control of relay Rtil, and should the l•(‘l(^as(‘ magixd eircaiit- 
1)(‘ interrupted by the shaft reaching normal jiosition icdays Rtil and RIO I are de caiergi.sed 
W'ithout the alarm Ix'ing .souixIcmI. 

Iti.'k Relay RlOl prc'pares t Ix' e ircaiit of reday Rltrt. 

If the faulty condition*^ are maintaiix‘d throughout tlx* rc‘\olution of*tlx* slow sp(*(‘d 
(!am, 1‘elay IMOIJ energisc's, by the c-losmg of the alarm contact and locks itself. 

Rc*la^' IMtkj c’loses tlx* c irc*uit for tlx* I'acdv lamp Lit? and rcda\ ROT. Ib'lay HOT closers 
the circaiit of tlx; sec tion lamjis and starts tlx* alarm buzzc‘r. 

The fault is now' loc'alisc'd by : 

{a) Sc‘ct ion lamp 

(h) Rack lamp. 

{r) Lamp associadc‘cl with shaft stiedving alarm. 

(fJ) An msjic'c-tion c)f tlx* c'onnectors on tlx* |>anc*k Plx* faulty c*onix*ctor r*c*l(‘ase 
magnet will be* in the ot)(;ratc‘d positic>n 

When tlx* cc)nix*ctoT- shaft is redeased the alarm apparatus r'c*turns to noi'inal. 

Blockinj^ Alarm on Single Release System, t )n this .s\st(‘m t lx* i’cl(‘ase of tlx* 
apjiaratus is undc'r* tlx* c*ontrol of tlx* c-alling sub.scribc*r. During c*onvc*r’.sat ic»ri r(*lay Rd.‘{ 
contact I t' and reday 1L17 c-onta,ct 4(i' are (dc>sc*d and can <)nly be o|K*necl by tlx* r(*lc*ase of 
tlx; conn(*ct ion. Rc*lay l\lk‘{ contact 4-(i' is opc'ji .so long as the* callc*d sid).scrjbc*r is spc'aking. 

“tti. Whc*n the* callc‘d .subsc*rilK*r r('})lac(*s his r’c*c*(*iver relay R.‘{.‘1 d(*-eix;!gises, aixl 40' 
contact clc)sc‘,s tlx* (drc*uit of tlx* blocking alarm, 'riic* 21 vedt lamp L4(i glows and shows on 
which connector tlx* c'omx'ction is being hehl. 

104. Rc*hiy lv4G is c'liergised and close's t he edi'cuit of t lx* bloe*king signal alarm lamp L104, 

107). Relay R4(i couple's uj) tlx* edre-uit of reday RlOl, thus throwing tlx* faidt undc'r the; 
ce)ntrol of the* tinx‘-lag dc*vic*e, as alre'ady de*scribe*d. 

If the* calling .sub.scribc*r’ does tiot rc'placre* his |■c‘c•civer befoi'e tlx* limc*-lag devie;e vlo.se*s 
the alarm cireaiit, reday Rl(k4 is en(*rgi.*jcd and ludngs in tlx* rack lamp, se'ction lamps and 
alarm buzzer. 
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FAULT ALAHM SIGNALLINC; (IRCUITS 


Till* fault is now localisnl hy . 

(a) Soflion lartip. 

(h) Hack lamp. 

(r) Lamp associated vvitli the hloelvin<j signal alarm. 

(fl) Tw<‘nty-four-v«)!t lamp on connector afleetefl. 

Tlie attiMulant rcNtorcN the c(»nn(‘(*tor to nonnal. tlierc‘l)y fri'cing the called snhscrihor’s 
line, and at tlie ^ame tiim* r(‘.‘ioring thc‘ alarm circuits to norinid. and ])roceedK to localise 
th(‘ calling liia* which i^ causin, the trouhh*. • 

Group (Control (arcuit.— A group nLty is associated with (‘ach panel of (ionnectors 
to siiow wIhmi the\ are ‘^imultan<*ou^ly engaged. 

1(M>. Relay llIUT i> normally ]i<‘ld short -circuit(‘d hy tlic K2 conta(‘ts of the connectors 
inthepaiaL Immediately lh(‘ last connt‘ctor in the ])an('l js brought into use the short- 
circuit is (‘inovi'd from t h(‘ r(‘lay IllUT, which is nou (‘magised. • 

lUS. H,ela\ iMbT closes the circuit of tlH‘ lam]) on tlu‘ trallic observation position. 

As soon as the coma'ctor biM^omes fret*, the K2 conta<*t short-circuits the rt‘lay 11107 
again, and the lamp ccas(‘N to glow. 


Section 32 

FAULT ALARM SIGNALLING CIRCUITS ON THE MOTOR INTERRUP'I’ER RACKS 

(Fig. 78) 

On th(‘ interrupter machine racks alarm signals are ])rovided Jor the lollowing faults ; — 

(a) Main fuse on rac^k m(‘lts. 

(/>) Ih’anch fuse* Jiadts. 

(c) lnt(‘rru])ter sjiring contact ]>ernianently clos(‘d. 

{(I) Interrupter spring contact ])ermanently o])en. 

Alarms (r) and (fl) are nnd(‘r tin*, control of the time-lag device. 

Rack Main Fuse Melts. 1 . When the main fusc^ melts, th(‘ i‘(‘la\ K' is energised, 
either through the fault or the n(‘.\t circuit brought into use. 

2. Jtelay IT close's a liolding circuit for itself. 

2. Relay ft' closes the circuit of the alarm lamj) associated with the' main fus<', so 
indicating which j)articular circuit is afiecteel. 

* 4. Relay R' (;loses the circuit of the o c.]). rack alarm lamp L4 and the relay R4. The 

rack lamp L4 indicates which ])articular rack is alfected, circuit 5 glows the section lamp, 
and circuit 0 causes the alarm buzzer to sound. 

When the fuse is re])laced relay R' is short-circuited, releases, and restores the alarm 
circuits to normal. • 

Branch Fuse M^lts. — These fuses are of the fjost Office f*t»indard tyf)e. 

7. W’hen a fuse melts, relay K7 is (‘iiergist'd diroctly from the battery. 
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S. ]{t‘lriy IJ" the cirt iiit of tlie rack lamp L4 ami ciaf raises re-lay R4. Itclay K4 

cl(*s('s (‘ircuits "» and (i, tlius jj^lowin^ tiic section alarm lamp and soimdnij^ tlie alarm buzzer. 

Relay R7 closes the circuit of Ili(‘ lamp FAL'.) on 1 he rack associated with the branch 
fus(‘ alai rn. 

'Idle replacin;^ of tht' melted iiisi* rc'stores the alarm eij’crfit.'^ to normal. 

Interrupter (Contact Permanently Closed. If om* of the intcrnijiiia* sprinjjjs fails 
to break contact, tin* driving majjmets A\hich it suj)])li(‘s will lx* lo(*ked ii1 th(dr enerjiised 
]x)sition when tak('n intoiu* 

IP. Kelay iJItt will tlaai be continuously encr^^ised. 

11. R(‘lay RIO pn‘par(‘s tlx* ciriaiit (»f relay It I I. wliich is {*neruis(‘d at the be^inniiip; 
of a r(‘\’ohition of the slow sp(M*d earn. 

1 2. Itelay I’ I I dis(‘onm‘Cts itself fiom the lim‘ to tlx* slow speixl cam and l<x*ks itself. 

i.‘k belay it 1 1 (‘losi‘s and prepar(*s tlx‘ eirenit of n*lav Itl.d. R(‘lay It I I is jxivv under 

tlu‘ control of r(‘la\ It lo and. shoidd the fault ch'ar its<‘H lx‘for‘e the slow sjxx'd I'am has madc^ 
oix* revolution, l■<‘lay ItlOand relay Itll will lx* r(‘leas(‘d. without tlx* alarm heinu .somxk^d, 

14. If tlx* fault is manitaiix'd throughout a revolutx>n of the slow sjx*ed cam, I'clav Rl.d 
is cnei’^is('il hy tlx* closing of the alarm contact and locks itself. 

IT). Iti'lay It Id closes I he circuit of tlx* rack lamp Ij I and r(*lay R4. It(*la\ Rl energising 
closes the (‘ircuit of the sixtion lamp aixl starts tlx* alarm bir/Z(‘r 

It), ('ircuit It) is eh.)sed h\ rcla^ Itl.d to glow the alarm lamp associated with the faulty 
springs. 

T\\v fault is ix)vv lo<*alised by .- 

(a) Section Iam[). 

{b) back lain]). 

(r) Interrupt!']' spring alarm lamp. 

When the fault is ck'an'd tlx* alarm apparatus retmiis to normal. 

d'wo interrupter machines an* usi'd, which can lx* coniu'ctt'd alti'rnately to tlx* driving 
<*ircuit by means of a cha]ig(*-ov(*r swit! h. 

1 7. A spark <px'nch cir<‘uit is titled for (*ach pair of sjirings. 

Relay RlO is eneriiist'd during tlx* normal ojx-rations of the dri\ing magnets, hut it is 
not held long enough for tlx' relay Rl.d to he brought into eircuit o\('r the slow aiding cam 
contact, arxl cons(*(px*nt ly the alarm is ix»t given. 

Interrupter (Contact Permanently Open.- is. As long as tlx* intcrru})l ions a.n^ 
taking ])lacc regularly, relay R IS remains (*nergised. If a jiair of sjirings fails to make con- 
tact, the corres})onding relay JllS will be de t'lUTgist'd. 

10. Ib'lay RlS ])re])ar<‘S the circuit of relay Rll. If tlx* fault jiersists long (Mxjugh, the 
alarm is given as jirev iously descriht‘d. 

20. Ri'lay Jibs closi\s the circuit of the interrujiter s])jing alaim lam]) Idt). When 
the fault is cleared, rtday KlS is again energised, aixl the alarm tipparatus is restored to 
normal. 
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Section 33 

FAULT AND GROUP ALARM SIGNALLING CIRCUITS ON P.B.X. CONNECTORS 

(Fig. 79) 

On the P.JB.X. eoiineetor racks alarm signals are provided to signal the following 
faults : — 

(a) Main fuse on rack melts. 

(^>) BranPh fuse melts. 

(c) Blocking signal alarm for use on single release system. 

Alarm (r) is under the control of the time-lag device. 

A group alarm signal is provid(‘d to indicates wIkui all the connectors on one panel art* 
simultaneously engaged. 

Main Fuse Melts. 

.‘11. When tfie main fuse melts relay MF' is energised, either through tlu^ fault or 
by the next circuit brought into use. 

32. Holding circuit for relay MF'. 

3.3. Oirouit of the alarm lamp MF33 associated with the main fuse, which glows to 
indi(‘.ate which particular circuit is alfected. 

34. (Circuit of the .^)-c.p. rack alarm bun]) and relay 1)P4. Phe rack^lamp indicat(‘s 
which particular rack is affected, and circuits 3.ni and 30 close the seidion lamp and alarm 
buzzer circuits rcs})(‘ctively. 

When the fus(' is rejilaced, relay MF' is again short -(arcuited, rel(‘ases and restores the 
alarm circuits to normal. 

Branch Fuse Melts.- 'Fliese fuses are of the standard Post Olbcc type, as us(‘d uii 
manual eipiipments (Fig. 77). 

37. When a fuse melts, relay FA is miergised directly, either fi’om battery or from the 
interrupter. 

38. The rack lamp and DP relay energise, (‘ircuit 3.5 (4f)s(*s to glow tfic section alarm 
lamp, and circuit 3t> operates the alarm buzzer. 

3tb t'ircuit of the lamj) FA 30 on the rack associated with the branch fuse alarm. 

The replacing of the melted fuse restores the alarm circuit to normal. 

Blocking Alarm on Single Release System. On tliis system tli(‘ r(‘lease of tlui 
apparatus is under the control of the (tailing subsirriber. 

40. During conversation, relays RlO and RO are held energised, and this circuit can only 
be opened by the release of the connection. Belay B13 contact is open as long as the called 
subscriber is speaking. When the called subscriber re})laces his n^ceiver, relay B13 d(‘- 
energises and (closes the circuit of the blocking alarm circuit. 

The 24-volt lamp glows and shows on which connector the connection is being held. 

41. Belay BiS40 is energised and closes the circuit of the blocking alarm signal lamp. 

42. Belay S42 is connected to the starting contact on the slow^-speed* cam of the time- 
lag device. At the beginning of a i\*volution of tlu* cam relay S42 is (*nergised. 

43. Belay S42 holding circuit. 

A.•I.^^. 
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1^8 

44. (’intuit of /44 relay prc'pared. If tlie faulty (‘oiulitioiTs are ^iiiaiiiiaiiUHl through 
orH‘ r(‘Vohition of tlie slow -speed earn, relaf Z41 i.s ejiergised by the elosing of the alarm 
eontaet, a.ud locks itsc'lf over eoutaet 4.'). 

4t). 'Idle rack lauij) and J)l* nday eireuit^ are closed. Circuit o ghtus the ^eetion lain]), 
and circuit (» slai’ts tlu* alarm huzzi-r. 

'riK‘ fault is now local i.^sl hy 
(r/) S(‘Ction lamp. 

(h) Lack lamp. 

(r) Lamp associatc^d with th<‘ hloekin^i signal alarm. 

{fl) ‘24-volt lamp on comu‘ctor a1Tecte<l. 

'LdH‘ attiaidant n^stonvs the conm'etor to normal, tlu^rehy fn^eing the called suhscriher’s 
hn(‘ and at the saim^ turn* restoring th(‘ alarm circuits to normal. He tlaai pr(»ce(‘ds to 
locahs(‘ th(‘ (’ailing line which is causing the trouble. 

Croup (Control Circuit. .\ group nday assoeialiMl with emdi paiu’l oi L.L.X. 
connectors to show w lu’ii t hey are all simultaiu‘ously engagi'd. 

47 U(‘lay (L\' is normally li(‘ld short-ciremted b\ the 47' contact of rela\ K4 on the 
IM5.X connectors. 

4s I nimedia.t(‘ly tlu’ last coiuu’ctor in th(‘ paiud i*- brought mt(> ns<‘, tlu* short-circuit is 
reniox’cd Irom relay (L\'. which is thim (mergisisl. 

It) ('irciiit of the lamp on the* trallic obsiaxation position. 

s(»on as a connector becomes frci’ thi' 47' (’ontact again <horl -circuits the ri'Iay (LX.' 
and the lamp ceases to glow. 
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Section 34 

TRUNK -OFFERING APPARATl'S AND GIRCUITS (Figs. 80-81) 

• 

A spc'ciul (‘oiiiKH'tor foil' (null 10() linos is provided, so tint an opcTalor niay cliallonoe 
engaged linos and offor a trunk oall to a sid)sorilHH\ 

'I’o allow of*tlu‘ suhsorihor's full nuinhor hoin^ dialkal, tlu‘ lirst two sots of inipulsos an' 
dirootod to a sjH'cial two-di^it solootor switoh (Fig. SO), which comu'cts tho trunk otfc'ring 
oonii(‘otor to tho ]1!irtioular 100 ro<|uin‘d. 

The two-digit soj(‘ctor i.s a standaid (‘onno(‘,lor inoohanisni, hut thi* iH'lay s(‘t is s]) 0 (*ially 
designed to m(‘ot ]>articulai' conditions nMpiirod. Two two-digit sc'loctoi- switches are 



provided, and are ]nulti})l(‘d ov(‘i' tlu‘ manual boanl. As th(‘rc is only oiu^ trnnk-oncring 
connector per 100 linos, if an opia'ator 1rii‘s to gid through to a trunk-oUcring connector 
already in use, a lain])dlashing signal must he given hack from t h(‘ two digit s(‘I(‘ctor. 

The tnnik-otlering connector is also a standard connector mecluinism, hut circuit 
arrangNuents allow of engaged lines Ix'ing entered without in any way interfering with the 
connection. 

The circuits arc numhert*d in tlie order of operation, and are as follows : — 

Tlie operator inserts a jdug into a lim* jack of a twiedigit sekx’tor and move's tlie dialling 

key. 

1. Ih'lay It' is energised over the thirel coiuluctor <*ircuit. 

2. Kehiy J\2 energises. 

.*h Kelay JI3 is energised hy battery from the dialling circuit over the A wire. 

4. Kelay Jl4#is energised in parallel A^ath relay K2. 
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TRUNK-OFFERING APPARATUS AND CIRCUITS 


5. Holding circuit of relay R4, which in now indcj)endcnt oi relay R3. ‘ 

The circuit is now. ready to receive imfiulses. 

The ojieraior now dials the first digit of the required number, and the line is intenupted 
a mimber of times, (corresponding to the value of the number called. 

0. At the first intei ru])tion relay K3 is ([(‘-energised, itekiy Hh is energised. R6 is 
slow to release, and remains (*nergised during each train of impulses. 

7. On the compltdioii of the first impulse, relay K3 is again (m(‘rgise(i, and the lifting 
magnet M? re(*eiv(‘s an inifuils(*. Tluc shaft is raised one step and contact K clcjses. 

The remaind(‘r of the i:f st set of impuls(‘s arc* now directed to the liftiitg rnagnt^t by circuit 
7, and the wipers are steppiul up to the required levi'l. 

As soon as the impuls(‘s ar(‘ finish(‘.d, relay R3 is held energised by battery from the 


dialling circuit. ( b’(Miit is held ojien, and r(‘lay K.r» rc'leases. 
S. Relay Rh is ikjw eiU'rgisial. 



RMH'A ToRMReL^Li.indBaitt^r^ 

SI. -SlEAlHNS 'rRUNK-OFKI{IN(J ( ’ONN K(’T()U (’IIU'UIT. 


i). Contact f) closes a holding circuit for riday R^, which is now inde])endent of relay Rfi. 

Relay Rs disconnects the lifting magn(*t 1V17, and (amples u}) the rotary magnet MlO. 

The operator now dials the hundreds digit, and, as before, relay R() is energised. 

10. The iniimlses are din^cted to the driving magnet MlO. 

11. At the first rotary st(‘p the contact W' disconnects relay R2 from the wire and 
throws it under the control of relay RO. 

The wipers are now stepped round to the re(piired contact. 

Relay R3 is held energised, circuit 0 is open and relay R(> de-energises. 

12. Relay RO (qiens circuit 10 of relay R2, which is, however, slow to release, and before 
it can release, if tin* reipiired trunk -offering connector is free, relay R12 is energised from 
battery at the trunk connector. 

13. Holding cirimit of relay R12. The called circuit is' engaged through the 30-()hm 
winding. 


lb Wanted 3ub- 
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14. Relay R12 contact?? 14' join through the A and B wires to the offering connector. 

Relay R2 now de-cnergises. • 

Relay R6, by opening circuit 3, disconnects the relay R3 from t*arth. 

Circuit H is opened and r(‘leases relay Rs. 

The operator is now connected through to ihe trunk-olT(‘ring connector, and the A and 
R wires are quite free of i)ridges and apy)aratus. Relays H4 and Rl2 are held energised. 

When the frunk-offering connector is tak(‘n into use, relay HIM 2 (Big. Si) is energised 
and connects the relay RR14 to the A wire. 

15. Relay RRl4 is energised and connects relay Rir> in parallel with relay RIM 2. 

If). Relay RIO is energised. 

17. Relay Rl7 is energised, and the connector sliaft is lifted tln‘ re([uired number of 
steps over circuit IH (as previously explained). 

After the impulses, circuit 17 is held o])en and n4ay IM7 rcK'ases. 

0 I 9 . Circuit 19, over which relay IMO was held after lx' contact operated, now opens, and 
relay RIO is released, 

20. Relay RlO de energising, opens cinmit IH, discormects magned jMIH, and connects 
up M20 in readiness for the* last series of impulses. 

The connector wi})ers are then stepped round to the r(‘<piir(‘d contact, and n^lay IM7 is 
released as previously described. 

Relay R 17 opens circuit 12', and iH'lay RIM 2 is rel(‘as<‘d. 

Circuit 14 is opened to disconnect r(‘lay HR 14 from the A wirw ^ 

21. Testing circuit ov(‘r the wire to the cut-off relay on tlie wantc‘d subscriber's pie- 
select < )r. 

22. R(‘lay RIO is energised ov(‘r circuits 10 and 22. 

23. Relay R 10 contacts close, ccmnecting the A and B wires 14 t hrough to the line called. 

25. A local circuit . Th(‘ arrangement of resistances in t his circuit is su(;h t hat the point 

to which the C wiper is connected is apfiroximately at the same potential as that aln^ady 
existing on the lead of an engages! connection. ( /onsequently the latter is not in any way 
disturbed when a trunk-offering connector is set on the line. 

Should the wanted sidiscribiT have^ releas(*d his conn(*cti?)n whilst the eonmaitor is being 
set, the cut-off relay of his jireselector is tMiergised ov(u* cinaiit 21. 

The line is engaged to other connectors by the low resistanct^ (15 ohms), whicli takes the 
place of the 3f)-ohin coil of relay Rib, used in an ordinary connection. 

The operator informs the want(‘d subscriber that h(‘ is requin^d for a trunk call, and asks 
him to release his connection. She then releases Uh* f wo digit selector and the trunk- 
offering connector, and sets up the trunk call in the ordinary way. 

Release. — ^When the operator withdraws the plug from the jack, r(‘lay R' (Fig. St)) is 
de-energised. (Circuit 4 opens and release's relay R4. 

Circuit 12 opens and releas(»s relay 1M2. 

20. ('ircuit of the release magnet M20. 

Contact 14' opens to prevent interference with engaged liiu's, whilst the c;onnector is 
being restored tf) normal. 

The connector shaft rotates and falls, and tin* K and W contacts an^ returned to their 
normal positions, the circuit of the release magnet being finally o])ened at K'. 

When circuit 12 was opened the ciremit of relay RR12, at the trunk-offering conmictor, 
was interrupted.* This connector now releases in a manner similar to that just described. 
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When a Trunk -offering Connector is engaged. Tlu‘ ( oiilioctor js s(‘t^>n ttu‘ contacts 
of tlic Avantcfl line as afrea-dy (l(‘scril)(‘(l. • 

When relay ]tl7 elos(‘s circuit 1(» Hh relay RKi cannot he (aier^riserl he(*ausc it is 
sliunted hy tlie .‘lOoInn coil of the ri^lay ]?!(> of the conn(‘ctor already <‘npiging the liiu*. 

27. When relay 112 is r(‘l(‘as(‘d a little later, relay KS is intf rriiittcaitly energis(‘d Through 
the lainjotlashing contact. 

2S. Jiainp flashing signaK are f ransinittial to tla^ o])erat(H-. over th(“ A wife, to the su})er" 
visory relay and earth. The i.perator is thus informed that the t runk-olferinu connector, 
in th(' KMjuired hundreds grt*u] is already engaged. 


Section 35 

PRIVATE BRANCH EXCHANCiE TRUNK-OFFERING CONNFXTOR (Fig. 82) 

A s[)ecial JMl. X . c(jnnector is jirovided on (‘aeh groii]) ot M) ]^.I>.X . s, so that an ojXM’ator 
nniA ehalNaige an (‘ngag(‘(l liia*, and otfc'r a trunk call t.o tht‘ suhscrihei*. 

d'o alloM’ of th(‘ .suhscrilxTs full numfa'r f)eing dialkMl. the tii'st two sets of impuls<*s an' 
<lireet(*d to a two-digit sideidor, which selects th<‘ P.B.X. trinik -offering connector in the 
]>arti('ular giTnip. as already deserilxsl (Fig. HO). 


' i': <L//rT,''l 

Jo JT 



Fj(.. SIE.MFNS IM5.N.. 1’neNK-oFFi-w:iNo Connkotor (’na riT.^ 
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Whon a Iryuk call r<ni#i\s tlirou^li for a IMi.X. suhsc-rifxM*, tla* ofXMafor sets u]) tlx* call 
ill tlu’ usual way. If all tlu‘ lini‘s on 1h<‘ P.P».X. .in* on^igcd. six* n'loasc's tlu' (‘onixrtion, and 
brings tfx* Irunk-ofVoring apparatus int<» opcu-ation. Tlx* tnink-olTi'ring (*omx‘('t()r cmiUts tlia 
first line* in tlx* particular IMi.X. grouj> rc‘«juirod, and tlx* o]x*ra1or ])r(X‘(‘(‘ds to ofTcr tlx* call. 
If tlu* subscrilxT agr(*es to t^akf* it lx* is r(*([ix*s1(‘d to bang up bis rt*c(‘iv(‘r. ddx* op(*ralor tlx'n 
r(*l(*as(‘s tlu* trunk ofTcring appai'atus. and sets up tlx* c*all in tlx* ordinary way. 

Tlx* (*ircuit:<i are iunubc*red in tlx* ord(‘r of operation, and art* as follows : 

1. \Vlx*n tbe trunk-olYering eomx*(*tor is taken into ust* relay B/ <*ix*rgis(*s. o\ (‘i* 

the (' wir<*. to (*art4i at tlx* two-digit seb'etor. 

2. Tlx* r(*lay B2 is energist'd ov(*r tbe A win* to batlc‘ry at tlx* trunk op(‘rator‘^ posifuxi, 

.‘b Relay R.‘5 is (*nergis(*d. 

4. Holding eir(*uit for rc*lay Rib wbieb i.^ now i!xb*pt*n(b*nt of eontat*t ‘X . 

ddx* circuit is ixxc rc*ady to receive impulses. Tlx* opi*rator dials tlx* units digit of t|x* 
want(*d subsei'iber's nuinlx*i‘, and at tlx* lirst init'rruption r(*lay 1<2 is n*b*as(‘d. 

T). Rt*lay Ro is (*nergis(*(l. 

(). At tlx* c*ixl of tlx* first interiuption relay R2 is again (*n(*rgis(‘d. aixl tbe digii switcb 
driving magix*t M(i r(*eciv(*s an impulse. 

Relay Bo is slow to I’cU'ast*. and bolds its armaturt* during tlx* st*ri(*s of impulses. Tlx* 
H‘maindt‘r of tlx* iin]»ulscs arc^ direett*d to tlx* driving magix*t M(l ov(‘i’ eir(‘uit <’*. 

\V'i}x*rs I, 2, and 4 of tlx* digit switcb art* rotat(*d a numb(*i' (d st('])s. eorri‘sponding to 
tile number diall(*d. 

7. Belay B' is ix»\n lu*l(i over wiper ‘I in its otl-normal position, and is urt(b*r tlx* control 
of relay Bo. 

At tlx* conclusion of tlx* lirst seri(‘s of impuls(*s. relay B2 is lx*ld (*ix*i*gis(‘d. and, since 
circuit b is oj)(*n, relay Bb is rcl(*asc*d. 

(^ireuit (»isojx*nand diseoimects t lx* driving magix*t circuit (»f tlx* digit switcb. 

( 'ircuit 7 o])('nstb(‘ bolding circuit (4' r<*lay B'. \\bi<*b is novc r(*leased. 

(,'ircuit 2 is ojien. and disconiu*ets tbe rela\ B2 from tlx* A win*. 

5. Tbe driving magnet of t lx* discriminator is joiix*<l up. 

tb d’lx* discriminator wipers commence* to rotate*, and, as soon as a wipe*!’ X i*om(‘s into 
contact with tlx* tirst line* of tlx* grou}). on wbieb tbe wdp<*r I of tlx* digit switcb is resting, 
relay Bt> is (»pcrated. 

Circuit S is opt‘ix*d and disconnects tbe dri\ing magix‘t of tlx* discriminator, and tlx* 
w i]H*rs come to r(*st. 

10. ddx* contacts In' connect tlx* A and l> wir(*s to tlx* w'ante*d liix*. 

11. If tlx* liix* sbould Ik* fr(*(*d whilst tbe conix*ction is lK*ing s(*t up, tbe (*ut off re*lav on 
tlx* pr(*s(*lcc*tor w ill lx* <*n(*i'gis<*(l over tlx* ( ’ w i]M‘r <4 tlx* elise-riminator. 

tr. A local ciri-uit. tbieaigb resistanc(*s lb, bn aixl 4nn obms, to eartb. Tlx* arningi*- 
ment of r<*sistance*s in tins circuit is sucb that tbe* point t<» wbie*b tlx* (‘ wi]K*r is conne*e*te*el is 
approximately at tfx* same potential as that a!r<*aely existing on tbe l(*ad of an engaged e*onne*c- 
tiem. Conse*(juently. tlx* latt(*r is ]X)t in any way elisturbe*el wlx*n a B.B.X. trunk otT(*ring 
conne*ctor is set on tbe line*. 

The* line is e*ngageel to otlx*r e*onix*<'tors by tbe le>w re*sistane*e* lb e)bm*s. which takes* tlx* 
j>Iae*e‘ e)f tlu* :in ohm eeiil of tlx* re*la\*Bn useel in an eaelinary ee>mx‘ction. ^ 

d'be ope*rator informs the wante*el subse*ribe‘r that lx* is re*([uire*d ^in a. trunk e*alL and 
asks liim te) re*li^ise‘ liis e-eaine'ction. Sbr tbe*n re*le*ase*s tbe* two-digit se*lector and tlx* trunk- 



1 04 SIEMENS TESTING CONNECTOR 

offtfriii" and sets up the trunk call over the ordinary selectors and the P.B.X. 

eonrieetor. . • 

Release of the Connection. — When the operator withdraws the plug, the two-digit 
selector is n'leaseHl, and the relay circuit is hrok(‘n. < 

( !ir(‘uit- - 4 is <jpen(*d and disconnects relay R3 from the(! \vire. 

('ircuil U is opened and disconnects relay 111). 

Contacts 10' open and prevent interhTeiice on engaged lines during the n'turn of the 
switches to normal. 

(3rcuit 11 is opened and opens the equijadential circuit and disconrfccts hattery from 
the C wirt‘. 

12. The circuit of th(‘ driving magmd MS of the discriminator is completed. The dis- 
criminator w'ifXTs ar(‘ mov(‘d round and hrought to r<‘st on the normal contact, b(‘C.aus(‘ the 
driving magnet circuit is cut by a. wifier I). 

i:j. Th(‘ driving magnet Mti of th<* digit switch is now brought into circuit, and rectjives 
impuls<‘s. The digit swatch wipers return to normal, and the driving magnet circuit is cut 
at w ip(‘r 4. 

All the relay contacts and switch w ipers are now' in their normal or resting position. 


Section 36 

SIEMENS TESTING CONNECTOR (Fig. 83) 

One t(‘sting connector is fitted for each group of 100 subsia'ibers’ lint's in t he exchange. 
These conntefors arc wired to testing jacks litted on tht* t(‘st cltTk s dt'sk. 

Associated with each testing jack is a dialling jack, on which lines from the imj)ulse 
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relay of the te^fting conne«ior teniiinate. The setting up* of the ooimectoi* is thus quite 
independent of the testing leads, * 

By this arrangement the test clerk can, after setting tlu' connector on a ])arti(ailar lino, 
cause it to move on tp another line on the same level without having to release the connec- 
tion. This is particularly us(€ul for making routine tests of consecutive lines. 

The testing (*onnector is a standard connector mechanism, but the circuits are so arratiged 
as to give a straight metallic circuit over the A and B wires for testing purposes. 

The circuit arrangements are such that the eonnect-or can bt‘ set on aji engaged sub- 
scriber's line w ithout interfering w ith the existing coiuiection. 

By pressing a key, w^liicli is associated with each testing jack, the testing olliccT can release 
the cut-otf relay on a subscriber's preselector, and can then energisi' the subscriber's line 
relay in order to test the apparatus for making an (uitward call. 

The cif’cuit-s are numb('r(‘(l in th(‘ order of o])eration, and are as follows : — 

All the relay contacts and the switch arms are shown in their normal or resting position. 

1. When the test ck‘rk inserts a plug in th(‘ dialling jack the relay B/ is energiscal over 
the loo}>. 

2. K(‘lay R2, sl(»w to de energise, is eiUTgised, and coniu^cts u]) t he A and B wires to the 
wipers, and also prepares the testing (arcuit over tlu‘ (' wijxT of the connector. 

'Fhe circuit is now ready to receive impulstss. 

The t(\st clerk dials the tens digit of th(‘ required numlxu’, and as the dial returns to 
normal the circuit of the relay IT is interruptiHl a number of times corresponding to the 
number dialU'd. ' 

3. At th<‘ first interrui)tiou relay R' de-(‘nergises, and r(*lay R3 is tuiergised. R(‘lay B2 
being slow -acting is not r(‘leased. 

At the end of the tirst impulse the relay W is again eiuTgised, and relay R2, being also 
slow -acting, holds its armature, during the series of impulses. 

4. The lifting magnet JV14 receives an im])ulse, and the shaft is lifl(‘d on(‘ step, and con- 
tact K' closes. At the conclusion of the stuies the relay 11' remains energised, and, since 
circuit 2 is (»pen, the relay R2 is rt‘leased. 

5. Relay R5 is eiu'rgised. 

0. Contact (> (iloses a holding circuit for relay H5, w hich is now' ind(*})enden1 of relay R,‘b 

7. (Urcuit 4 is o])en at 4', magnet IVl 4 is diseonneeted, ajul magnet IV17 joiiu-d up in its 
place. 

The test clerk now dials the units digit of the w'anb'd number. 

At the first interruption lelay R3 is again energised over circuit Jl. Contacts in tin; 
A and B wires are opened to guard against interference on engaged lines whilst the w'ip(‘rs 
are being rotated. A contact on the C wire is also oj)ened, to guard against interfen'iiee on 
the C lead. 

The impulses arc directed to the rotary magnet by t he opening and closing of circuit 7. 

At the end of the series (4 impulses circuit ,4 is o])en. r(4ay R.‘l de-energis(‘s, and opens 
the circuits 4 and 7 of the motor magru'ts. 

8. The A and B wires are now' joined through to the wanted subscriber. 

9. Tf the. wanted lira* is free, a circuit is eomj)k‘ted through the cgt off relay of the 

preselector to earth. • ^ 

The lino can now' be tested over the A and B wires, which form a plean metallic circuit, 
from the testir^ jack to the subscribcf's instrument. 
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U). Th(‘ s»i])soril)CT‘sfiit-<)fT Hay 1P5, Fi^. 72. is sliimtcd Oy'd.Kl ohms r^sistanoo, Imt is 
not tlion‘l)V ])roveiit(‘(l from Ix'ing o|H‘rat(*(l/ 

lli(‘ arraii^omtMit of i‘(‘sislaiiccs, 1.7, .70 and 400 ohms, is ^o chosc'n that t-ho point 1o vvhi(*h 
fho (' \\'i]K‘r is coniKxdixl is apj>ro\imat(4y at the* sam(‘ ])o1(*ntial as tlu‘,(’ vviro in an (‘n"ag(‘d 
comurtion. Th(‘ lallrr is. thorcfoiv, n(»< inlcrfcrcd with if th(‘ coniKH'tor is sot on 

•1 inisy lin(‘. 

If tlu' tt‘st (•l(‘rk Avishos to tost a sid>soril)or's (‘xolain^i* appai'atiis, lu' s(‘K< tlu' oonnoetor 
on tli(‘ sid)soriho]* s liiio and pr(‘ss(‘s tlx' l\(‘y assooiatcxl with tho ja(‘I\ of the* tost ooinu'otor 
in ns(‘. 'I'h(‘ r(‘lay l».‘t on tin* snhsoiihor's prosiOootor is th('r(4)y roloaso(»!. Tho 1(‘st (4ork 

ran noA\ . hy hrid^in^^ tin* A and T> \\ir(“s. oanso tho suhsoriht'i's lim* relay to o])(‘rat(‘. Fon- 
no(‘tion is thus sot u]) oA(‘r a first and s(*ooml [>n‘solootor. Avitli a fr(‘o first- s(4(H*tor, and dio 
tost oloik can. hy sondin^*; im])ulsos ovor th(“ A and \^ Avir(‘s. oanso a ooniK'otion to lx* sot up 
Avith a-ny lirx* iii tli(‘ (‘xohatij.u*. 

Release of the Testinj^ (k)iinector. Wlu^ji th<‘ pluj^ is u itlidia wji, tfu* relay P' is 
rol(‘as(‘d. 

('ii'ciiit 2 is oomplot(‘d and r(‘lay IF! moim'ntaiily (MX'r^isixl. 

(^irouit 0 (nci* tho l(‘ad is opened, and tlx* r(4ay K2 on tho tii*st ]>r(‘soloctot‘ is do- 
I'uorjjiisod. 

t'irouit 2 lx‘in^ op(Mi relay 1(2 do-iMX'rjxisi's. o]X‘ns oirouit ‘k and 7’(‘lay l(.‘i lluat do- 
(‘noi'j^isos. 

'riio A and R wire' oontaots S' a.r(‘ op<‘n to ])roAM‘nt int(‘rlon‘no(‘ Avith on.L»a,Ln‘(l JiiX's, 
Avliilsl th(‘ o(mnootoj' is ndurninp: to normal. 

Contacts h' ami 10' are o]X'n to out otT tlx* rosistaix'os tormini: tho o((ui]X)tt‘ntial ciicuit. 
'Thoy also disoomx‘cl th(‘ F Avip(‘r from hattory. 

(*irouit of tho release ma^ixd ^III. 

Firouit .7 is o]x*ix*d. and n‘lay Ho do-onor^isos, 

'rix‘ comxx tor r(‘turns to its normal |x)siti<m. in Avliidi th(‘ circuit of tlx' i(‘loas(' ma^nf4 
is opiMi at K' conlacd . 

All tlx* rola\ contacts are now in tlx‘ir normal or rostinjj ])o-«iti(ni. 


Section 37 

PRIVATE BRANCH EXCHANGE TESTING CONNECTOR (Fig. 84) 

Om* H.H.X. tostino; connector is fitted for each ^rnui]) of 10 TM>.\. linos in tlx* (‘xchango. 
rhosi* connectors are Avirt'd to testing jacks tiffed on the t(‘st clerk s desk. 

.\ss(H iat(*d Avith oacli t(*stin»j: jack is a diallinj^ jack, on wliicJi tho liix*s from tho impulse 
r<‘lay of tlx* testing connector terminate. 'Fix* s(‘ttin^ uj) oi tlx* (*onnector is thus quite 
ind(*p(‘ixh‘nt of the testin <4 l(*ads 

Tlx* P.H.X. testin'^ connector is a staixlard P.B.X. connector m(*chanism. hut the 
circuits are arra-njjfod to t^iAu* a clean nx'taHie circuit ov(*r the A and B wires for testing 
purix)ses. 
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Tlio stopping round of the diserimiiuitor wijxTs is edtiroly under the eonti’ol of th(‘ 
test clerk s dial. Tl^e diseriiuinator has 25 eonjtacts, and tlie Jiiu^ d(‘sired may Ix^ beyond 
the range of one set of impuls(‘s. Th{‘ test clerk is, how(‘ver, able to supplemenl tiu' s(‘ri(*s 
until the wipers have been stepped round to the recpiired eontael. 

A record of tlu‘ order ir« which the various lines of any P.ll.X. ar(* aiTani»(sl on tin* 
discriminators will ke})t by the test (*lerk, who is thus able to test any particular liix', or 
to make conse(;utive tests, without rel(‘asing the (xmnection of all the lin(‘s on any dis- 
criminator. The circuit arrangements are such that the (tonnectoi* can be on an 

engaged subscrilx^j’ s liix* without interferifig with the existing connection. 



si. Sm:,mi:n'. IMi \ ’ri>rj\o Ciicoi rT. 


As^ociated with each testing jack is a key, by deju'essing VN'hicJi the test cl«‘rk eaii test 
the o])eration of a subscriber’s calling apparatus. 

Tile circuits are numbered in th(‘ onler of <»pcration and are as follows ; ^ 

51. Wluai the test clerk inserts th<‘ ]>lug into a dialling jactk, th(‘ relay lv5I is (*nergis(al 
over the loo]). 

52. Relay K52 is energised, 

52. A and B wires through to \Aipers. 

54. IVst circuit ovei‘ the t' wiper of tlx* discriminator pn‘par(xl. 'Jlie circuit is now 
ready to receive^ impulses. ^ * 

The test clerk dials the units digit the Mxjuired numlxa*. and, as the dial r(‘t urtis to 

normal, tht‘ circuit is interru])ted a number of times corresponding to the inimlxa- dialled.. 

• • 
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55. At the lirst irilerniption, relay R51 tle-cnergises, and relay 11^)5 is energised. Relay 
R55 is slow to release, and remains energised during the impulses. At the end of the first 
internjption tlie relay R*'51 is again energised. 

5(i. (’ireuit of the digit switch driving magnet M50. The wipers 2, 3 and 4 of the digit 
switeli move from their normal to their otT-normal ]>ositions. ‘ 

Thv remainder of the impulst^s in the series are directed to the driving magnet M5() of 
the digit switch by circuit 5(). 

At the conclusion of the first set of impulses relay Rol is held energised, and, since 
circuit 55 is oj)en, r(4ay R55 de-energises. 

(’ontact 5()' o])ens Die circuit 5fi of th(‘ digit switch driving magnet M5C. 

57. Relay 1^57 is energised, through wif)er 3 of the digit switch, otf-normal contact and 
earth. 

5S. Holding circuit for relay R57, whicdi is now ind('|)endent of contact 57'. 

The test clerk now dials the impulses for setting the discriminator on the contacts of 
the wanted line. 

5fi. The discriminator driving-magmd circuit is com])leted through wi})er 2 of the digit 
switch, ofT-mamal contaet, and driving magnet of diseriminalor I. or 11. Relay R55 is held 
energised. 

('ontacts 53' are opcMi and ]>resent iiiterfenMice on engag(‘d lines during the rotation of 
the diseriminat(»r wip(‘rs. 

Contact 54' op(‘ns and (Mits batterv olf the (* wiper of the diserindnator, to prevent 
interference with the test leads of (‘iigaged lin(‘s. 

If necessary, further impulses may be sent in order to set the discriminator on the 

wanted line. 

At t he eojiclusion of (‘ach s<‘t of impulses, relay R55 is released. 

Contact 5t)' oj)ens the circuit of the discriminator driving magnet. 

(’ontacts 53' close and connect the A and K win's from the testing jack to the wanted line. 

('ircuit 54 is eomf)leted, and, if th(‘ wanted line is idk', a circuit is (4osed through the 
C wire to th(‘ cut-off nday of tlu* subscriber's ])reseleetor and earth, o])erating the cut-o(f 
relay as in an ordinary call. 

The subscriber’s cut-olT relay is shunted by 450 ohms resistance, but is not there})y 
prevented from bc*ing o])erated. 

GO. The arrangement of resistances, 15, 50 and 400 ohms, is such that the point to which 
tlie C wiper is eonneeb'd is ap})roximately at the same potential as the (’ wire in an engaged 
connection. The latter is, tlu'ndore, not- interfered with if the P.R.X. testing connector 
is set on a busy line. 

The line can now’ be b'sted over th(^ A and B wires, which form a (4ean metallic circuit 
from the testing jack to the subscribt^r s instrument. 

If the test clerk wishes to test a subscriber's exchange apparatus, lie sets the connector 
on the subscriber’s line and jwesses the key associated with the jack of tlie P.B.X. testing 
connector in use. 

The cut-o/T relay on the suhscriher's preselector is thereby released. The test clerk 
can how, by bridgmg the A and B wires, cause the subscriber's line relay to operate. Con- 
necticyi is thus set up over a first and second j)reselector Vith an idle first selector, and the 
tester can, by sending impulses over the A and B wires, cause* a connection to be set up 
witli any line in the exchange. 
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By sending a further •series of impulses the test clerk can again operate the discrimi- 
nator driving magnet and cause the P.H.X. testing connector to be set up on another line. 

Release of the P.B.X. Testing Connector. — When tlu^ plug is withdrawn, relay 
R51 is released. After a short interval, relay Rr)2 is also released as circuit 52 is open. 

When relay R51 de-energised relay R55 was momentarily energised. Circuit 54 over 
the V wire is opened, and the cut-off relay on the subscriber's pn^selector is released. 

Circuit 55*is open, and relay R55 de-energises. 

Relay R52 opens the A and B wires to 2 >revent interfiTence on engagiMl lines while 
the discriminator* is returning to normal. 

Contact 54' opens the circuit of the resistanees forming the equipotential circuit, and 
at the same time disconnects the wifier from the battery. 

• 61. Circuit of the discriminator driving magnet M5i>. 

62. When the discriminator has returned to its normal i)osition, the driving magnet 
is disconnected, and the digit switcli driving magnet ]Vl5(i is joined uj). 

The digit switch returns to its normal position, in which the circuit through the driving 
magnet is broken. 

The circuit of relay 1157 is ofxMK'd at wiper H of the digit switch. 

All the relay contacts and switch w ijxTs arc now in their normal or resting position. 





MACHINE SWITCHING SYSTEMS 
•WITH CONTINUOUS DRIVE 

THE LORIMER, A CANADIAN SYSTEM 

was the first of this type. It is better known in connection with the 


WESTERN ELECTRIC COMPANY’S ROTARY 

SWITCH SYSTEM 


which uses a 200-line switch with 10 levels of 20 sets of line terminals and 
10 sets of wipers or brushes, one set bein^ tripped into enj^agement wiien a line 

is called ; and 


WESTERN ELECTRIC COMPANY’S PANEL 

SYSTEM 

with 500-line switches, in which each bank has 100 sets of line terminals in 
the height and 30 sets in the width, so that 30 switches on each face can make 
connection. There is a set of wipers per switch per bank carried on a vertical 
shaft, and a set of wipers or brushes is tripped into engagement when a line is 

called. 

The W. E. Co.’s systems may be either decimal or non-decimal. 
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Section 38 

THE WESTERN ELECTRIC CO.’S SYSTEMS 

• 

There are two systems ™ the Uolarif aiul tiie Fauci. 

The Botary tuarhiue sivUchiuy .s/y.s/cw/- is well known, and the Post Office liave introduced 
it into several ex«lian^es in this country. Idle Panel system has heen fitted in a lew exchanges 
in the United Stat(‘s, hut is ])ractically unknown outside these, hut is now pro])osed foi 
London. It is lik«*ly, liowc'Vi'r. to he more widely known soon, as it is advoeati'd as being 
the most suitahle system for \eiT larg(‘ ari^as. 

The liotary systiun is so named h(‘eaus(‘ fh(‘ switches have rotaiy motion only. Tlu^ 
switches have a ea])aeity for 20d lines. 

The 7V//n7 systmn has vt'rlieal motion only, and the switelies have a eapaeity for TiOO 

lines ^ 

The Rotary System, d'his system diffia’s \ery e.onsidiaahly fnun the Slrowger 
systems previously (*onsid(‘red. 

It has switches with douhle the ea]m(*ity, viz., liiu's. 1'h(‘se hav(‘ rotary motion 
only, a si't of hrushes h(‘ing providc’d for (‘aeh TIk* l>rush(‘s ar(‘ normally out of engag(‘- 

inent with tli(‘ terminals. On th(‘ final switefi the tens digit trips a pai'tieidai’ set of hrusluNs 
into (MigagenuMit with the t(‘i*minals. 

'^rh(‘ im[Mils(‘s siMit out fi’om tlu’ suhserihers' ilials arc* r(‘<*(‘i\(‘d hy ]‘egist(‘i;s. and ai’c tlaui 
forward(Hl to the n*speetiv(‘ switelu’s at exactly the eorriKd s]K’ed. ’^Fliis is eontroll(‘d hy the 
distant sw itch, w fiieh sends hac k to the r(‘gister an impulse’ for (‘aeh st(‘p it takes to cause 
the register to giv(‘ up its itufiulsc’s one hy one until z<‘ro is ri’aelu’d. This is know n as rcverhve 
iin pulse conical. 

Trauslaflou is re([uir(*d tci allow the decimal syst(‘m of impulsing to cause a set of hi-ushes 
to connc'ct in either thc’ lii’st or sc’cond hundr(‘ds grouj) of th(‘ 2nn-liue switch. 

Tlu* switches are* meehanicailly driven hy liglit shafting which is continuously 1 ‘otating, 
a disc on the shafting heing hrought into (‘iigagc'incnt with a discr on tlu* switching (*leetro- 
magnetic meaiis, so as to rotate the switch hiush-carriage. and the lik(‘. 

Other diircrenees will he notc’d in desc’Hhing the syst(*m in d(*tail, hut suffici(*nt has been 
disclosed to indicaitc* that the sysU’in has man\ int(‘r(*sting and lunu*! leaturc’s. 

The Powu*r Drive is the eharact(‘i’istic m(‘chanical f(‘ature of this systt’in. 

The Elccfro-mcchnnistu . .\ small motor drives the shafting, so that it is rotat(‘d con- 

tiiiu<3usly. 'Idle latter may consist of a main horizontal shaft jun neai' tlu* floor 1(‘V(‘I, from 
which runs a vcrtic^al shaft for each vc'rtical row of switches (Pig. Sa). 'The elc'cti-omagnetic 
clutch is a very simjih* hut very ettectivi* device. 

Pow'cr thus taken from continuously running shafting allows of heavier and mecliani* 
cally stronger switch(*s h(*ing used, ddien* can he greater prc'ssun* h(*tw’(‘en tlu* hrushes and 
the contaets than on other systems. Tlu* sw itch(*s can lx* moved at tlu* most (‘(lieient speed, 
'riic comparatively heavy hrusli carriages are s(*t r(*adily in motion, when lh(*y arc* driven 
w’ith a smooth continuous motion, which (*liminates all vibration and jarring. High speed 
may be giv(*n to all moving parts, this being limited only by the accurac*^ in stopping tlu* 
brushes. * 

Reserve motors arc* ])rovi(lc‘d wliich can lie readily sw'itc*}u*d in w hen rcxjuirc’d. 'riiese 

* 

a.t.s. 




FlU. 85. - A Westkkn Kiectric (’<>. Kotary System Kx<HAN<n:. 
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can he operated* from tlie Ifattery. so that tlie exehan^^e is ind('])(‘n(lent of (‘xteriial })ower, 
during a hreakdowji. Tortious of tlj(‘ shafting* ma^' be sto])ped (luring periods of ligiit 
tralfie, and at night all sliafting may l)(‘ stopped. An automatic device' starts u]) the' shafting 
when a call is made. .The j)o\v(‘i‘ nHiuin'd for the shafting is very >mall, a 2-H.T. motor 
})eing suftieient for a 10,000 Jiife exchange. 

A general vic'w of a small installation is shown in Fig. 85. 

Ma^mtic Clutch .— An Inm (W^v isHttt'd on the rotating shaft, and an iron ring, mounted 
oil a flexible diaphragm, is assoeiat(‘d with the switch moving jiart s(> arranged that. wh(*n 
current is passed 1^i rough the; powcT magnet associated with tlu' switch, the' latter ring or 
disc is deHeet(‘d until it meets the* rotating 
disc near the edge, w hen the deflected dise is 
caused to rotate at the' sanu“ sja'isl as th(‘ 
shaft. 

Ill Fig. SO, 1)1 is a short shaft for a 
switcTi, held in bearings 1)2, and cou filed to 
the rotating vertical shaft by the bevd g(‘ar 
D3, The latf-or shaft rotates at a sfu'ed of 
;U revolutions per minute. 

The disc l)t is fix(‘d on th(‘ ivvolving shaft 
1)1, and the second dise H5, filaeed at light 
angles, is fasU'iasl by a diaphragm to fh(‘ 
shaft B, To rotate the carriagi* tlu^ fixed 
electro-magiK't PG is (‘lUTgisc'd, when tlu* 
edge of 115 is pullt'd into contaid- with 114 so 
that they rotates together, and the brush 
carriage is carriial round. stoji the brush 
earriag(‘ tlie circuit of magnet P(» is opeimd. 

To prevent th(' inertia of th(‘ (!arriag(* carrying 
the brush b(*yond the terminals, the magnt't Hti is energised immediately tin* J)ow(t circuit 
is opened. 

To the left of the brushes is .shown the trip .spindle, whost*, u.se will be explained latter. 
This is rotated and .stopped in a manner .somewhat similar to the brusfi carriage. Tiie disc, 
with diaphragm DS, is attached to the rotating shaft 1)1, and a second disc Cti i.s atta(!hed 
to the \(^rtical sjiindle. When the magni't P2G is energi.sed, 118 is attracted, and the spindle 
is rotati'd. No holding magnet is n(‘c('>sarv to stofi the sliaft itrstantly. 

This form of drive is very .simple, the jiarts are subject to little wear, and that is .s(‘lf- 
adjusted. The (;lutch and release art' almost instantaneous, and thus suitabh' for fast 
selectiw (jperations. I'he power needed for closing firm contacts is readily transmitted 
without slipping. 




Kl(J. sa. ItoTAHV Sy.stio.m I^>weh Dhivk. 
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'I'HE Al’PARATUS 


Section 39 

■I’lIE APPARATUS 

The Line Switch (Ki,. S7).- A ..lun.lity of 

menis, have lZv<>L of tenninals for <-a.elT level of 20 lines. 

...J Mf \'H\ (l(‘or(‘(‘s r(‘’'*'^* 


of foiiT- ln*ush(v 


■•/ kii 11 ilw sliJift, and 


n vif 1 Kl 





J'lt.. S 7 . 


ItoTxin S^s■n■;M l.iM'.-KiNOKii Switch. 


, . I . T'lw. iti'iwlu's iU'c assotaateO with 

that eadi set engages witli a Jk„,Vr!rhi'm^ ■ "heii a Mihscriher (Tills the 

11, e trunks, a, ml the switch is there ^vvitehes associateil with 

ami makes that line test busy to all arraimeil as described for t'ijt. so that 

It will be seen that the ,p,,,7 j, ,, ,,t,l.i,ig device, ami there ore 

when the magnet is energised, • . the brushes rernaiiinig m the position 

.rush chooser. n-ceived. When the brushes start to 

in -which they were last tng<ipCi , ,li)lVr,.iit positions in the arc so that .i \f‘i\ 

hunt, the bruslfes of the plurality aie thus ^ r„othed rack and a 

small amount of travel may "'^^'hh.h 'makes contaet \t ith a tooth betwi'cn the line (if 
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THK APPAKATLS 


oil the hnisbos may <‘oiuicct with a register, or may ((jimeet with a recTmVl similar switch 
whieh eoniK'cts with a register. 

The Selector (Fig. SS). -'I'his figure siiows a finish chooser on (h(‘ left, a bank of 

contacts with 10 sets^if brushes on a shaft centrallj^ 



and a se([nene(* switch on tlie right. The brush 
carriage is shown in its normal posijf-ion. 

The switch consists of two main parts, the 
terminal arc oi- bank of contact #hMn)inals, and the 
frame carrying the operating parts. 

The UatiL's (hig. SO).— From the illustration it 
will be s(‘en that tluTe are 22 vertical strips or 
plates of terminals (a si(l(‘ vi(‘W' of a striyris shown in 
Fig. 00). There ari^ 30 ti'rminals on each strij), 
monkh'd in a block of eleidrose. I’liese strips are 
fixed top and bottom into jilatf^s so that they are 
placed lik(‘ a number of ) looks in a shelf. The final 
swatch has onl\ 20 stri])s. ddiree terminals in the 
height of a striji are used in eomiection with each 
line. Th(‘ vertical strip therefore carries terminals 
for 10 lines, and the brushes sweefi over 22 or 20 
lines respiMdively. 

The frame to which tlu* banks are rigidly 
attached carries in its c(‘ntr(‘ th(^ brush carriage, 
])ivoted top and bottom. I'o the lidt is jiivoted 
the .spindle of the brush chooser. To the right is a 
roller which r(‘sets th(‘ brusli(‘s as th(‘y pass on their 
way in c(>m[)l(‘ting a rotation to normal. Further to 
the right in a sejiarale fram(‘ is a seipaaice switch 
which will ]h‘ dealt with later. 

The lirush ('mrUnje fun/ Hmshes (Fig. 01). 
d'here art* 30 l)ru>hes on a carriage, aiianged in 10 
>ets of thr(‘(*. A single' brush is showui at the 
liottom right hand side of the pictui'i', and riilatively 
in the position il occupies in tiii' main picture. The 
30 comb ^jiringN, show n to the hdt of t Ik* brushes, 
are separately insulated from, but sei'ured to the 
rotating s])indli‘. Thi'v an* arranged in sets of ^,hree, 
<‘aeh set lu'ing associateil witli tiu' two line wires 


I'Ki. iHi. VKim. M.STiiii'N.ii. Tr.nMiNvi.- i<n(l tli.‘ ti-sl wire. The coriospondiug springs of 
^\ITU IhuMoN (’Aiu.K (W. ( o.'s UnTun t lu* s(‘ts aH' multipli'd together, and eonnected to 

s^sTKM). Ijjj, commutator rings shown at tlu' top of the 


sha'ft. Each comb spring (‘iigagial with the left ])roj(‘ction on a brush. Th(‘ brushes are 
threaded on a spindle, as shown at the near angle of the ])ieture. The comb spring tends 
to force the upper and right end of th(‘ brush outwards, as shown in the yirojeidion of the 
fourth si't of brushes from tfie top. They are, how^'Ver, normally kept retracted by latch or 
trigger devices. on(‘ of which is .shown above the single brush. Th(*s(‘ also are thft^aded on a 
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spindle fitted lA‘liind the ftieture, ind on ilie extreme* right, and an* pressed against tlie 
ends of the brushes Vy other eond) springs. When the (‘ari'iage* starts to i-otatc* the line of 
brushes passes the brush ehoosea*, hieh has had one j)artieular tooth sed in position. It now 
engages with the trigger, e(nitr(»lling one set of brnsht‘s so that they are inilatelasl, and 
then forced forward to make*contact with the terminals as the* (arriage* moves. 

The* sliaft also carriers at the lop a. rolh^r, mount(‘d on a. l(‘V(‘r arm (shown at (extreme 
top and I’ight), \\'hi(*h engagers tlie let'tli on the tooth(*d rack, shown forming tin* top of the 
bank. Fig. SP, for nu'clianical c(‘ntring. 

A second lever a?!ii (to tin* l(‘ft of (la* 
other) 7uak(xs (‘ontact witli the tecdh of 
the tootla'd rack to send back im])uls(‘s. 
as wjll be descril)(‘d lat(T. The latter 
does not touch the rack when standing 
l)etv^'(*en two tetdh. 

'ria* disc shown at tJic bottom of 
the shaft is part of tlu* inagnclic cintcli. 

The ])art nearer tia* centre is the 
diaphragm, with an <.)Utcr ring of iron 
to engag(* with the disc* on the sliaft ing. 

Thr Jimsh (lioascr (t^ig. d- . s(‘(* 
also Fig. SH).--'lda‘ spirallc lias In 
projections, or teeth arranged s])irall\ 
round it. By different amounts of 
rotation a dilf(‘rent }»?*oj(‘ction will Wv 
in tlu* path of (la* hrnslies, to ]mll a 
latch away from tlic brush eiaU. to 
allows a set to move* forward. .\ poW(‘r 
cam, shown aliove tla* magiadisable 
disc, has 11 notcla's, one bn- (‘aeh 
])rojeetion aial oia^ for ia)rmal. A roller- 
contact sjrring engag(‘s witir it and is 
show'll between the earn and the frame. 

Thf Ojwrdf hm of a Orou p Seh vtor. 

This switch a-irlomatieally eonra*cts a 
calling junction to an idk* junction in a 
group leading to ara)thcr switching 
r^tage. The trip s])indle is moved und(*r 
the (foiitrol of the register a,nd, for* tMu^h imfmlse r(‘(‘eiv(Ml, serais hack to the register ora^ 
impuls(‘ until the latter reaeh(‘s zer»). If four impulses hav(‘ been sent , the fourth tooth • 
is left in pejsitfon to unlatch a brush. The power magnet of tlu*. carriage then comes into 
operation. As the brushes pass tla* trip spindle, that set (•(H'ivsponding to the tooth in the 
path is unlatched, so that tla* thr’(*(* brnsh(\s make conta(*t w ith s<‘t afb'r set of teiauinals until 
an idk* lino is found, (■urrent is then out off the power magnet, but tl.*e brushes arx* not 
stopped until the earthing top arm ’has ])roperly centred tla* hrirslu's on the tei'ininals. • The 
spindle magnet lias meantina^ h<*en energised to rotate the tri]> spindli* t hrough the remainder 
of the circle to •oiTnal, when a de(*])er ilfdch in the jiowit earn allows tla* jiower circuit to ho 


!( 
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THE APPARATITS 


ojH'ncd. 1h(‘ coniKHtioii is ndrasrd, power is a})])lied to fhc carriage •magnet so that 

tiie i)rusli(‘s arc* carried ovct the* reinaindcT ^>f the terminal arc, when tlie projecting brushes 
are forc(*d hack to 1 h(*ir normal position as tlic'v pass over tfa* roller. The carriage continues 
to rettate until normal is rcach(*d, \slH‘n contact is made* l)y the to|> (‘arthirjg arm with a 

bracket pi(*c(‘ ])laced n(‘ar tfie tof) of the trij> spindle. 

The Final Switch. 'TIi is is practically similar to 
tin* s(‘l(‘c1(»r. Th(*rc is, howevci’, a local c'.ontact, which 
is operatcMl by the t(»oth(*<l rack, which sends back one 
impulse for (‘aeh cmc* r(‘C(‘ived from the registc'r until zero 
is r(‘achc‘d ; each t(“i ininal passed operates the local 
contact, winch operations arc* count(‘d olf by the 
r(*gistc‘r. 'riiis is necessaiy Ix'causc* a, [)ri*(leterunn(.Ml 
t(*rminal must be* rc'aeli(‘d to eoimcx't with a particular 
subscribe*!*. When the* desired number of stc'ps have 
b(*(‘n tak(*!i the* r(*gistt*r cuts off the po\\(*r and flit* brush 
carriage* comes to r(‘st . .\v each final switch connects 

with 2tM) lines, the terminals arc* arrang(*d in 10 sets of 
thrc*(* v(‘rtically, and with 20 t(‘i*minals in the an*. 

The* advantages clainied for this ccmstruct ion an* as 
follows 

The massive* build (‘Usurers stability of alignnu*nt of 
parts and thus a.voids an\ change in tlu* intciaction of 
jmrts. 

Ail wear is autoinaticallN a.cljustc*d so that neither 
a.djusting sju-ings, (*ams nor screws c)f any kind an*. 
j)rovided. 

Ti*n sets of brush(‘s inst(*acl of one* sc‘t simplitic*s the 
mc*chanism and avoids the* sliding \ertic*al moving, which 
prevents (*xa.(*t alignment of the* brusht*s ic*latively to the 
t(*rminal levels 

All ])arts ai'(* readily ]'(*movabl(* for r(*pairs. 

'The* com])l(*t(* revolution of tlu* brushes sim])|ilies 
continuous hunting for an klle line*. 

d’lic ccanmutator rings (*liminate Hi‘.\ibh* cc.)?*ds. 

'Tlu* surtacc*s of the tc'rminals arc arranged vcrticall\' so thal th(*rc* is littk* surface* on 
w hich dust can colh*(*t. 

The* use of bi'onze te*rminals with the* long grain to the brushe*s s(*cure*s freedom h’oiu 
W(‘ar and t*nsures a contact of le)W' n‘sistancc 

' All contacts are ce|ually cleaned, as the brushes make a cejinpletc nwolution. All are 
w orn tMpially. 

Tlu* use of powe*r driven jiarts c*nsures liiin contacts. 
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Sectioi) 40 


W. E. CO.’S ROTARY SYSTEM. AUXILIARY SWll’CHES 
• * 

The Sequence Switch — A sucpuMict' s\>i1ch is also sIionmi in Fig. SS, fittcil 

.iloiigside thu selector switch with which it is to eo-ojMaale. 'Fhc switch is inoniiti'd in a. 
frame in which* the s})indle is ])ivotcd. The [ranu‘ carries a |)lat(‘ on which the h'vi'r or 
moving springs and left and right contact springs 
arc fitted. Tl)e l^vcr springs inay make contact 
witli eitluT tlu' left or right sidings, ot* ma\- 
occupy a ccmtral ])osition free from (‘ither. 

'riie^jc movements are controlled by (‘honiti^ cains 
which are (hreade<l on a vertical sjiindle, and arc 
rigidly secured thereto so that th(‘y rotate^ with 
it. The upper separates ca?n on the* right shows 
how those arc cut w ith hollows and raised surfaces 
so that the lever sjuing may take up on(‘ or other 
of three positions in a, revolution of tla* cam. 

Above these cams is a disc numbered from 1 to 
18 (the number of positions the' spindle may take 
up), and the drooping irnhw lingi'r indieatc's in 
what position lh(‘ switch is in at an\ moment. 

There an‘ 18 cams in thiTH* sets of si.\. Below 
these is a power cam which cont rols a sjiring to 
open and (‘lose the ])ow(‘i' magiu't local circuit. 

^I’his spring carrii'S a roller, whicfi rides over the 
surface of the ])ower cam. Such a cam is shown 
d(‘taehed, to the right and bottom of the picture. 

Below' this cam is the ])ower magnet with the 
magiuTic clutch. The iron disc is abov(‘ th(‘coil. 
ami the dia])hragmed ring, to bt‘ brought into 
engagement with this, is tixed to the ]>ow('r s])indlc. 

Operaikw of ihc Styiitnce Stvifeh . — Tlu* 

spindle stands normally in ])osition I, in which 
the IcvtT sjirings may b(‘ in any of th(‘ thr(‘(‘ 
positions indicated. Wlum the circaiits are to 
lie ehang(*d current is sent through th(‘ electro- 
maghet, and the magiKdic (’ircuit tluueby completed to rotat(‘ th(‘ disc and spindhu 
When rotation commences, the power local circuit is closi'd and maintains th(‘ magiud^ 
energised. The s])indle will continue^ to move until tla* local circuit spring falls into 
a notch on the power earn, wIkui tlie circuit will be oj)en(‘d to sto}) the switch. 
During this moveimuit certain conta(ds have b(‘en ojrened and closed t,o bring about a 
dilTerent combination of circuits .‘ind appai'atus. This movtaiumt is Y(‘p(‘at(‘d when the 
magnet is again (Uiergised, s(j that the circuits are opemed and c1os(m| in a jirc'detervriiu^i 
sequence. 

Particular features of the se(pience'»switeh ar(‘ : — 
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TIk* contacts ai(^ very tirm. Unchangin^^ alignment is maintained^ 

No current is rc(iuircd to hold the confacts closed. 

A cnntact ina\ lx* o])ened and closed repeatedly during a revolution, and therefore 
a relay, foi* (‘xainplc, mav he connected in different circuits. ' • 

'rh(‘ speed heiiig uniform contacts of definite duration may he made. 

A (‘ontact may he closed before or after anotluT, as napiired. 

I5y undoing one screw a spindle may he readily replaced. 

The nu inhered disc and pointer indicate the 
]x)sition of the spindle instantly, and this is most 



uscfful if anything go(‘S wrong. 

Tlu' contacts ar(‘ arranged vertically, and arc 
of jilalinum. 

The sequ(‘nc(‘ sw itch used in (‘onritetion w'itli 
tlu* call-ffnd(‘r switches is very similar to that 
(h‘scrihed, the principal diffiTcnce being that thcNC 
have 12 cams only, arranged in two sets of six. 

The Register (l^'ig. h4), — As will h(‘ seen from 
the illustration, this j(‘semhl(‘s vtuy closely the 
s(‘({U(‘n(ie sw itch. The principal difference lies in the 
arrangeimmt of the cams and contacts. it has 20 
positiiuis, hut a cycle of. ojierations is performed in 
10 positions, or in one half revolution. 

The digit sent in l)y the subscriher is said to be 
regist(‘red wIkmi the spindh' turns through a number 
(ff positions equal to the nunihej* of impulses sent in. 
In the full automatic system this is usuall> comple- 
mentary to the digit, in which 10 steps are taken for 
digit 0, nin(‘ steps for digit I , and so on, so that the 
spindle in moving forward to normal through tla* 
remaining jiositions will scml out a number of 
impulses equal to tlu* digit of tlu* directory 
number. 

4'he means employed by t he register for tran--- 
lating impulses is described in S(*ctjon 42. 
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'riu* selecting r(*lay used in connection with 
the register is shown in Tig. 05. This is also used 


in otlu'i* circuits when* its p(*rmanency of adjustment secures a(u*urate and rcl,iable 


working. 

‘ 'riu‘ register is tlu* all imjiortant controlling feature in the machine switching system. 
It r(*cei\es the imjuilscs sent out by the dial, translates tlumi, and sends them to the switches 
in the manner best suited for tlu'ir efficient t>})cri^tion. It does not wait until the impulses 
of all the digits hav(* been receiv{*d, hut may send them out as soon as one set has been 
receiv(‘d. It wait;^ until tlu* sw itch at the other end of tlje selected tiunk is leady, and then 


eends'out the next set and so on. If all trunks in a group are busy, it will W'ait while the 
switch continues to htmt. and when a line and swatch are found, will then control. Calls are 
thus delayetl only ami not lost. Tlu* register is thus very suitable for hiibting ,over very 
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large groups of ti’Uiik''. The ^\vilcli(‘s eaii he very i'(»l)ust!y huilt, can h(‘ (i|K‘ratod at 
their best speed, and are indepeiuleiit of the speed of the dial-M*inleis aN regards rapidity of 
impulses or intervals het\\t‘en digits. 


Section 41 

ASSEMBLY AND CABLING 

Fig. S5 shows the general arrangement of apjiaratus in a vniall installation. To thelelt 
are the line switeh<‘s with th<‘ir se(juene(‘ switches in a vertical panel, theii gioup selectois 
with their se(|ueiK*e s\\iteh(*s in an adjacent vertical ])ancl, then the final sv^ iteluvs witli theii 
sequence switches, then auxiliary st‘(£uenee switclu‘s and registers. Fig. 1K> shows a fiojit and 
back view of hay or paifel, strongly eonstrueted of angle iron fastened top and bottom to 
castings so as to he very rigid, The-qerniinal jilates, appertaining to the same lines, are 
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t}ui> arranged* vertically ©ne above the 
other, and are niidtipled toge^ther with 
a special ribbon cable. Tliis cable is 
shown niorc <n detvil in hig. 1*0. The 
cal>](‘ {‘onsisls of .‘lO wirc*s laid side by 
sid(‘. and hc'ld togc'thcr by weaving, so 
that th(‘ wires are insulab‘d from (‘ach 
other. The weaving, which is done* in a 
loom. e\j)oses the wir(‘V in such a, way 
that a diagonal line* of bai’e ])atcht‘s is 
acrexs tlic^ cable at set intcM'vals. IVfore 
beincr: placed in position tin' cable's art' 
bent on the line' of the barc^ p'atc'hes, so 
that w he'll the cable isjilacc'd against, ^he 
tc'rminals as shown, the' bare' jiatc^lies 
coincide' with the' te'rminals, and the^sc' 
by a sim])l(‘ soldering ]a*oce's> are' e'(.)n • 
nc'cte'd togc'tlu'r. Each solde'rc'd terminal 
re'inains c learly visible', and aenessible 
for maintenaiKM' and rc'pairs without 
disturbing the multiple The' upper 
(‘nds of the' '(tables ai’c* e-omu'cte'd to 
soldc'ring tabs which are' litted in a rack 
at the* top of each bay. Those' conne'ot- 
ing racks ai’c multipleal ac'ross from bay 
t-e) bay for the' t'litire* group. 

Owing to the' low e*apaeity be'twe'cn 
condiicteas, the wire's can be* jilac'cel 
sieh' by siele watbeait twasliiig, without 
introeluc'ing cross talk. When connect- 
ing u]) a conside'rable' numbe'r of 
maehines. the' w ire'^ of the cable' can be 
conne'cted in transposed re'lationship by 
nu'ans of the^ connecting rack at the 
top which c'liminates any cross talk. 
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Section 42 

FUNDAMENTAL FEATURES OF THE WESTERN El.ECTRIC CO.’S ROTARY 

SYSTEM 

Translation. — A 200-liiiu switch was adopted as the standard, because careiiil study, 
involving the 43 alancing of the decreasing uuiuIht of switches against increasing (‘ost per 
switch, showed that this eapacaty was nea.r the economical point for the particular seh^ctor 
type, on tlie bat^is of ])resent af)f)aratiis design, Unowleiige. and ])ractical niannfactiiring 
possibiliti(‘s. 

it then followed that the imi)ids(‘s on the \i) by 10 basi^ sent out by the dial wtTc no longer 
dirc^ctly able to control th(‘ arm of a Hnal 200-line switch, and sed th(‘ wipers on t he line wanted 
Some pi(‘ee of a])pa.rat us is tla'refon* n(‘cc\ssary to convert t hi' impulsi‘s sent in on a. decimal 
ba^is into a series of im]>ulses on a basis corn‘Spondiug t-o th(‘ grouping of the b*rminals. The 
registar })erforms this fuiudion among otlu'rs. 

Principles underlyinj^ the l*rocess of Translation. A subscribt'r in s(*nding a 
numl)er pi’oduci's, by his im])ulse sendia-, a, series of impuls(‘s corr(‘sponding to the iligits ot 
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the number wanted, 0 digit representing 10 impulses. Th(*re is another imjmlsi^ sc.hcme in 
which digit 0 is sent by one impulse. 

When the registm- is descril)ed as sending out impulses to control switches, it is to be 
rejnembered that this is not what actually ha])pcns. Tli(‘ register simds out imi>ulses to the 
switcli, wdiich sends back impulses which are measured otf by tlie register on the reverse 
lmj)f(lse eonfrol basis. 

Fig. 97 shows a method of numbering th(‘ banks of a 200-line hnal switch, and Fig. 9H 
the wiring fi’om the group selector. It will la* at. oncA‘ realised tliat diivi’t decimal ea.lling, 
as »n the Strowger system, is not suitable for connecting in such a. bank. A dilTerent m(‘thod 
of directing the wipers must be ado])ted. Translation, is necessary. 

To avoid confusion, certain new terms have* betm adopted by the W. K. Co. The tram 
of impulses sent out la.sl by a set of registers is known as the a placu*, thost* semt out imme- 
diately before the last the h place, and those sent out just before these two the c [ilace, tlu*se 
corresponding to the units, t(‘ns, and hundreds in tin* decimal sy.st(*m. The a filace invj^mlses 
din*et the brush of tla* final swit/di, and are always (^(pial to the digit received in the units 
place, e.xcept that 10 additional im])uls(‘s must be added when the hundreds aie evon, e.g., 
No. 190 rerpiij-es six impulses in the* proper level, but 29() reipiires Ih im])ulses to (*arry Ihe 
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l>rushes to tliat i)iiinl)CT. J lio regifittr detiTiiniies whether the Jiuirdreds digit, is odd or even, 
and if (weii, it iiiust .^end «uit 10 additional ii^pulses in the a place. ' 

lh(‘ trail! ot iinpid.se,'- sent out in the h place is always erjual to the digit in the tens 
place of the niiinher \\ant(‘d. Tliis hrusJi'Scdeeting train trips tlv.^ l>rus|i associated with the 
correct level. If 100 is ea]l(‘d. niiK* inijiulst's in the b ]dacc w'oipld trip the ninth hrush asso- 
ciated w'ith th(‘ ninth 

J he train of imj)uls(‘s sent out in the r ])lace is made up in a sjiecial w’a\’.o On referring 
t(. (J, Fig. Ot-’, it will l)(‘ .s(‘en that tliere art* 10 levels of a group switcli on the left, the asso- 
taated hrush(*s of which are to he directt'd by tJie impulses of the r pLacc-LO one of the 10 
levels. These 10 h‘vels are connected by trunk with 10 linal switches at tiu* right, having 
t(‘rminals numbt‘r(*d in the units and t(*ns places, like 11. it is assumed that the ca])acity is 
2,000 lines (Nos. 1,000 to 2.1>00). 

1. The odd ninnbert'd leveF have atu ess 1t> the txhl nuinbejttl hundreds of ' the same 
magnitude* when the thousamF are odd. '^lo call thr(*(* im])ulses (e({ual to the hundreds 

digit) are st'iit to tfie c ))laee. 
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2. The odd number(‘d levels have also access to the next higher i('\en) hundreds. To 

call l,40ti, three iinjiulses (eipial to the hundn*ds digit 4 1 when tin* hundreds are 

even) must be s(*nt in the c ])lace, 

3. The ev(‘n numb(*red levels have access to tlu* sanu* odd hundreds as those of the 
])revitais l(*vel, but in the next c‘V(‘n thousands. To call 2,300, four ijiifuilses (equal to the 
hundreds digit 3 j 1-4, as th(^ thousands are even) must be s(*nt in the c place. 

4. These even jnnnb(*r(‘d Uwels also have access to tin* next high(*r (cvcj!) hundreds in 

the same thousands. To call 2,400, four impulses (ecpial to th(* hundr(*ds digit 4 — 1 3, 

as the hundreds an* i*ven, and plus 1 ^ 4, as tlu* thoirsands are even) an* st*nt in the c pla/‘e. 

It follows from the aliove that the train of impidses s(‘nt out in the r place is always 
equal to the digit in the hundn’ds place in the number calk'd, except that one impulse is 
deducted when the hundr(*ds are ev(*n, and one impulse add(*d wh(*n the thousands are even. 

The train !)f imjmlses s(*nt out in the d place is made up like that of the c place ; the 
])rinciple being to .send im})ulses equal to the original thousands digit n*ccived, minus one if 
this be ev(‘n, and plus one if the ten thousands digit received be even. 

Similarly the train of impulses sejit out in the e place is made uj) by taking the digit in 
the ten thousands plact*, and Jiiodifying it, as described, for the d place. 
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There are other ways ]V3ssible for numbering the 200'line terminals of a final switch, as 
also for connecting the l(‘vel.s in a group switch.. 

It has been found preferable at times to place 0 at the Ix'ginning of th(» digit series as 
on the compleinentarY basis, when for digit 0 the dial sends 10 im])ulses, and the register 
allows one impulse to be takciii o\it, and for digit 9 tlu* dial sends out one iinpulsc and the 
register allows 10 to be taken out. 


Section 43 

REVERTIVE IMPULSE CONTROL 

This, also, is an essential featun' of the system. Sek‘ction is p(‘rfo] ine«I by closing the 
line circuit at the sending end, to cause the dist ant selecting brush to re\ (ilv(‘, and make con- 
tact with terminal after terminal. For each terminal so made contact with an impulse is 
sent back to the sender, to cause it to take one step towards normal. Whc'n normal is reached 
the line circuit is opened, and the selector brush carriage stops. If the sendta* had to take six 
.steps to reach normal the brush of the selector would be on the sixth terminal. 

Fig. 99 is a sim])lified diagrammatic circuit. At the sending end A is a register spindle, 
driven by a magnet IIU, which attracts the sjiindle disc S2 to the (ontinuously rotating shaft 
disc SI wIkui energised, to cause tlu' spindh* to rotate. The spindh^ arm S.‘l (‘an b(‘ displaced 
from normal any nuinlxii* of ste 2 )s up to ten. Tn tlui 0 position a ein uit is (*ompl(‘t/ed for 
relay All. The differential relay J)dl prevents the spindle taking mor(‘ than one stc]) when 
moved. 

At the ivceiving (‘iid B is a selector, with brush carriage, whi<‘h (‘arries a brush B14, to 
make intermittent contact with the earthed tooth rack At. 'J'h(‘ le(‘th are in the spaces 
betwe(‘n terminals, so that the brush B14 is earthed when the lin(‘ b?‘ush(‘s an* betW(H‘n tw(> 
sets of UTininals. 

The s(*nd(‘r and r(‘c*eiving a.pj)arat.iis a.r(‘ connected by what is known as a fundamental 
circuit, which idways has at th(‘ s(‘nder end a relay SR\ th(‘ bac^k contact of tht‘ relay AR and 
a s})ring F to dost* tlu^ circuit wh(‘n sel(*ction is to begin. At tlie other end is always a relay 
FLR. and a- l)attery. 

VV(' will assurm* that tli(‘ selector is to make contact with the sixth s(‘t of t(‘rminals. The 
arm 83 is sot to position 9. 

3. When the contact F is closed the fundamental circ-uit is (‘ompleted, and relays SR' 
and h"LR arc energised, when seh'ction b(‘gins. At tin* same time two springs (not shown) 
close the diffenmtial circuits oi relay D'R, the left hand winding being clos(‘.d before contact 

2. ^rhe magnet P' is entTgised over the front contact of FLR, until the si.xth set of ter- 

minals is reached. The brush carriage is thus rotated. 'Fhe brushe*s A\ B', V/ make contact 
successively with 8(^ts of terminals in a level, while th(^ brush B14 is (*arthed successively in 
the spaces between terminals. . ^ 

3. JBefcjre the line brushe.s nwdi the first set of terminals IU4 touches an earthed tooth, 
and short circuits the relay 8R', so that.it de-energises. 
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4, 5. The luagiiei IIU energised over eontaet />, one winding of D'K and bank (‘ontaet 
of 8K'. A eireuit isVlso eoin[)leted over the s(‘w>nd winding of D'll. Tlu* eurrents in the 
two windings neutralise (‘aeli other S(» that the relay is not energised. The spindle is set in 
motion and, as moves fro*n ])osition 0 to r>, contact K is op(‘ned and D'lJ cn(*rgises. Tfa^ 
circuit of magnet RU is opeiaM and the sj)indlc sto])s, with Sl{ centied in j)<>sition 5. (\)n' 

tact b is then again closed. 

When the Ihk' lirushes jeaeh the iirst set of terminals, li] I is again in^ulalcd, and SR' 
again energised. (Jireuits I and o aie opem^d and T)'R d(‘ energises. r>(‘tw't‘<‘n the lirst and 
second s(‘ts of t(‘rnfinals brush Bi t is again earlh(‘d, so that SR' (h* energises, the magnet 111- 
is (‘iitTgiscd, h contact is operand and D'R is (MuagistMl o\(‘r one winding, STi is ro1a1(‘d to 
eofd.ae.t 4, and the It contmd. is again closed, '^rims the spindk' st(‘ps until th(' 0 t(‘nninal is 
reached. 

(). Relay AR energises ovej‘ terminal 0, SH and tairtln The iundanuMda! (dreuit 1 is 
opened and SB' de-energises, to begin the stopping of the IhusIi t;arriag(\ 

7. Itelay RLR remains energised over BI4 and A I. until 1h(‘ brusla^s ai‘e ci'HtnHl on the 
terminals, wdiem Bll will be irisulat(‘d. F\Al then de-<‘m‘rgis('s to oi>(‘n circuit U, when the 
powder magnet B' de-cmergises to stop the brush carriagt*. 

1'he line biaishes a!<' now^ on th(‘ sixth set of terminals, tla* ifgister is on t) and tli(‘ fnnda- 
immtal circuit oj)en. 

The advantage's (daiim'd feu’ rewt'rsc impulse* ce)ntre>l aie : — 

The* circuit is medallie* w it hout e^art h at the* se*neJing e*nel. 

'Flu* se'iiele'r eloes not, takv its in'xt ste'p until the* brush take*s its ne‘xt ste*j). s*) that, if the 
brush is sl(.w . the* se'Jiele'i* w ill wait. 

'Fhe' impulse's that ])e*i-fen'ni the* se'Ie*cling are* s(‘nt bae k hy the* swite*h tenvarels the* se‘neie*r, 
Xo ste'p, tlwredeu'e*, can be lost, elue* t,o the* se*nele*r me*e*haniMn l)(*ing light whih* the* brush 
e*arriage is lu'avy. Finn e*e»ntacts are* inaele. 

TJie* brush e-arriage is not st(»ppe‘el until d has le^aelu'd the* te'rminals wanh'd. e*v(‘n 
though the' light controlling nu'chanism has ope'iu'd the funelamcnlal e*ire*uit. 

It |)e*rmits the*- ap]>lie*atie)n of ])e)W'ei* drive' in a siinj)le' (*tye‘e*t i\ e- maniu*r to move* the* i’e*la,- 
tive*ly he*avy brush e*ari iage. 


Section 44 

T^’PICAl. EXPI-ANATORY CIRCUITS. A LINK FINDER CONNECTING WITH 
A CALLING LINK (Fig. 100) 

The circuits, in the eirder of oj)e*i’at ion, are* as folleiws : 

1. Receiver lifted to call, re*lay LR, e'ne*rgise'el. 

2. Rt'lay CB e*n('rgise*s anel starts a group e>f e*all tinele'rs hunting 

,’k Relay (Rd* ene*igiseel. * 

4. (dutch magned energisexs te> reitatc bruslms. • 

5. Brush lltijirst toue lies ioothe'el rack Ha lei slant e*,ircui1 (Fr2R. ove*i spring N. 
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The function of this ferush is to centre the brushes fairly on the contaots, and this is 
attained wlien H6 is not making contact with the rack, l>ut staialing midway between the 
teeth, when the short-circuit on GT2II is removed. 

The non-calling lines test terminals are normally earthed throngh (ioo ohms, and the 
brush 1)1 is also earthed thi^)ug]i the 8()0-ohm winding of (riMR : the t/(‘st terminal of the 
calling line, however, has been (*onnected to battery, through (it and 2(>o ohms r(‘sistancc 
(shunted by (HM) ohms), so that the voltage is about :3(>. 

b. As th(- brush(‘.s of a ])lurality of tinders are rotateti, om* will make contact first with the 
test terminal of the (^ailing line, wlien a circuit will (‘ompk^ted throngh the test terminal I) 
and the brush 1)1. 

7. GTllt tmergises and completes a parallel (urcuit, of low r(*sistane(‘, through (rr2ll. 

.Any »)ther tinder brush Dl touching th(‘ calling line test t(‘rmina.l will tail to mau-gise its 
GTlR relay owing to circuit. 7. 

^ S. GT2R ciu*rgising (»|H‘ns circuit 4 to dc-eiu'rgise PF, a.nd eom])letes a cireaiit for < he 
holding magnet HF, so that the brushe's are stopped instantly. 

9. Sefpience switch R2 is eiKTgised over front contacts ot GT2n and GLR. to cause it 
to stc]j to anotli(‘r ])osition, to build up the next e.ombination of circuits. 

10. Till' s(*([uencc switch R2 steps from position I to .4, by a local circuit ov(‘r spring A. 
This switch may take one step liecause (►! a circuit compkdcd oiitsid(‘ tiu* switch, or be started 
by su(di, and continue to rotate a predetfTmined distance* by tlu* cinmit oviu* tin* spring A, 
until stopp(‘d by a spring dropping into a notch on a cam star wIhm*!. 

11. In th(‘ third position of tlu* se<pK‘nc(‘ switch a circuit is comph'ted for the relay < 't >R 
over ti’rminal G, brush an<l s])ring H. In this is !•clay RR,1 which (*n(‘rgis(‘s. lU^lay t 'OR 
energising cuts off relay LR. and circuit 2 is opened to de-energis(* GIF so that otluT findiT 
switches stop hunting. 

12. 4’he loo]) 1 i-j cxtiuided to the next stage*, as indicated by repeati*!’ and relay SIR. 


Section 45 

CALLING LINK CONNECTKI) TO AN IDLE REGISTER (I'i>>. lOli 

A plurality of jm'selector circuits ha.s access to any one of six registers. A seepu^nce 
switch R3 is associate*!! with eacli such circuit for testing ]>urpos(‘s, and begins to rotate 
wIkmi a tinder swatch connects with a calling liru*. 

The circuits in the order of ojieration are as follow s : - 

1. A line has been (‘xtemhal, as pnniously fh'scrilHMl (Fig. lOb), aaid se<pi(mce switch 
K2 energises, and in position ,4 !'los(‘s contact F. 

2. 8c(iuence switch Rll then em*rgises over contact V and back c.ontax-.t of relay (ilT2R. 
Whilst spindle of R.4 I'otabis it t(*sts the six registers by successivc'ly closing the six (;ontactR 
of C, D, E, and repeatedly tlie contact B. 

An idle register has its sjirings Iv and S closed. Only om* r(‘gist(‘i‘. No. 1, is slu^wnfand 
with open contacts. Assume the eontae.ts closed. * 

3. Reljiy GTIR energises over contacts S, K, E, L, nday (^riR and B contact. 
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4. Circuit al is (wtendLl 1[)y parallel <‘irenit 4, and relay GT2U energis(*s. Gireuil 2 is 
opened and ii3 de-energises. Idle n'gister is iiuiintaiiied eomiectod to theealliiig line. The 
register is made busy by the low rcsistanee of GTlli and GT2K, in parallel with the 800-ohm 
winding of GTIH. , 

5. The impulses from the subseriber's dial are received on the si^leeting relay SR of 
registi'r, wliieh is now (ronnecled over eontael Q to the calling lim*. 

0. Se((uenee switch R2. now liaving done its work, is drivim to ])osition r> over a (‘ircuit 
completed by the front eontact of relay (IT2R. 

A tone t(‘st •lc is connected when relay SK energises to advise the <;alling subscriber 
that- impulses can now b(‘ sent, ddiis feature is also useful on extension lim^ working, as 
it indicates to the extension that tht' switch at '* main ’’ has been set. 

.It is interesting to not(‘ that- relays GTlR and (1T2R. havt^ completed circuits for two 
functions, thus proving t-lu* utility of sequence swib hes. 

• Jl(4ay RR' enables a caller to clear promptly at any stage of a connection. On a 
recall a dilferent lindc'r and icgistiT \^ill hv ])ickcd up. 


Section 46 

THE SI BSCRIBER DIALS THE NUMBER OF THE DESIRED LINE (Fig. 102) 

'I'he impulse's ai(‘ given out on a complementary basis, /.c., for 0 digit 10 impulses, for 
I digit 9 impulses, for 2 digit S impulses, and so on, so that the register taking in the former 
impulses will, by compliding its maximum travel, wliicb is 10 st(‘ps, seial out the' difference 
between the number of impulses nsa'ived and 10. The impulses are se)>arated by very short 
inteiTUj)tions of the line' circuit, ddie hrst impulse is due 1o the closing of the line when 
the rcc(‘iv(*r is lifted. Tlu' long linal impulse allows foi* the changing over from one 
rcgisti'i' to allot h<‘i-. In a, tour-digit exchange there ar«* four registers one for each digit or 
train <4 im pulses. 

The i ircuits, in t fie order of operation, are as follows : 

1. Hc'lay KS n'sponds wlien the receiver is lifted (circnil (> of hig. 101). Se(](uenee 
switch R4 niov('s to jiosiliou 2, to connect the magnet RGIOOO, over s])ring I, to the re'ceiving 
circ-uit> 

Relay MR i;- slow t-o energise, and energises only when r(‘lay SR has de-energised for 
a j)rt?determined lengt h ol time. 

The closing of the line circuit also causes the register spindle to he moved one 8te|\ 
forw'ard by nu'ans of t he <litlercntial relay DR. 

In position 2 of R4 eontact closes to energise relay MR'. A circuit for the differential 
relay DR is tfa'ii (completed, over the front eontact of SR. ^ 

2. Ovei’ RGIOOO magnet, closed contact h, contact 2 of i, back contact of DR, windings 
and baltoy- 

.‘k Over contact N, winding MR', back contact of MR, 

4. Over fr*nt contact of SR, front? contact of MR', winding J)R and battery. 
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The cumnjts in circuUs 2 and 4 neutralise eaeh other in the N\indin^N oi relay Dll, so 
that it does not (‘ntrgise. IKJKMM) is eiHT^isotl in eirenit 2. and in movin/i: to position 1 
opens contact b and, therehy. circuit 2. The curnait in circuit 4 tlaai (Muagises DR. which 
also o^jons the circuit 2' at 4 he hack contact. K<‘lay DU lliereforc ])rcventN H(DOOO from 
taking more than one step,i 

The register IKDOOn now takes an additional step, h»r each make aft('i’ a shoit hivak, 
over tlu‘ (billing line. Each break de energisi's relay SU, which opcMis its front contact and 
allows th(‘ differential relay 1)U to d(‘-cnergise and circuits 2 and 4 to 1 h‘ re established. 
Kor each impulsit, therefore, RDlOOO (mcrgisi's. opens the circuit to DU. which again (MU‘r- 
gises, and is again de-energised. 

5. During the long linal break of a digits iiujudses, relay MU (‘uergisc'- ovta* back 
contact of tSU and contact 

H(*lav^ MU comphdes a circuit for sc(|uenc(‘ .switch Ul. whi(‘h mo\(“^ ti> po^iliou o. 
cuts off R(il(H)0 and substitutes UtJKK) over upper coutait 1. The hundred- nn]>uls(‘s an^ 
now sent in the same maiuuT as the tliousamls W’Iumi nday MU rMiergiscs again aftt'r 
the last impulse of the second digit, moves to ])osition S. when Utiloo is disconnect'd 
and replaced by UtJUk over spring d in its lower position. The units spindle replaces 
U(DO in the same way over J in its up])er ])osltion. 

As each ti’ain of imjmlst's is received, sequence switch 114 in going into its ne.vt position 
coin})l(‘t(‘s a pow(‘r circuit (not shown) for anoth(*r secjuencc switch llo. b(*l<uiging to the 
same register, which controls the s<Miding out' of impulsi's in trains (si'i* Kig. Itid). 

Should the callei* clea»' ]»rcmaturely, n'lay SU will de ('ueigisc'. ri'liTy MU energise, 
and seqiK'jjce switch 114 will ])ass through all its ])ositions to n(>rmal and bn^ak down the 
coniK'ction. 


Section 47 

BRUSH SPINUI.IC OF GROUP SWI'ICH CON I ROLl.Kl) BY RKGJSTKR (Fig. 103) 

Till* tl'ij) s])indlc of a group switch is advanced a definite numher ol st(‘])s on the reverse 
imjmlst' nu'thod. It must la* imnefl through a lUdinitt* angle until one oi it.- t-i'ii t(*(‘th pro- 
jeets into position to releas(‘ the ])roj)er set of hnishes Sucli hrnshes. whi'ii rotab'd, lind 
an idle line' to a (inal switch. 

The circuits in the order tif opcralioii arc as follows: 

• 1. Uclay (Udv ('luagiscs over contact Eh of register, winding SIT. windinu tkUU and 
battery. 

2. Se(pienc(' switch U2 energises to move contacts from pi'sition 5 to (>. over contact 
5U and front contact (UiU. 

3. Tri]) magnet cn<*rgiscs to rotate spmdl(‘ over magnet U2(J. eontart M(>, and front 
contact of (Jldk Tlu' motion is continuous, hut the spiudlt* is said to sIvjk 

4. Uelav SU' is shunted hy m circuit over eoiitaet f»S, lX'r2 and earth, and SU' de- 
energises. • ^ , 

Eaeh lime^SU' dc* energises it ste])ii the register spindle one ste]) towards normal 
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i>. When i^ormal is ri'nohpcl relay AK energises, opens thi* fnndamental einniii I, and 
GLR de-energises. ^Jireuit is ojuaied. PliG (Uvencrgises and stops Ihe spindlt* rotating. 

(i. Sequence switeli J12 is energised over contact tiC. Imek eonlavt of (ILR, and the 
se(pienee switch is ni(»ved ti^ position 7. 

TIk‘ tri]) spindle has takoii as inanv ste))s, say .7, as arc* in the i(‘gisl(‘r, and a. looth now 
projec*ts, wliicli releases the litth set ol hrushes. 'Fhesc an* the!i eans(‘d to swi^ep over the 
tiftii l(‘vel of teivninals to find an idle trunk to a. final switch of t lu' (ift h grouj). 


Section 48 


RECISTKR CONTROLS THE lUIILHING HP OF THE DESIRED CONNECTION (Fi(i. 104) 

As. d(‘seril)ed in h'ig. 102, tlie r(*gist(‘is were s(d forward a. distaiUM' i‘oi‘r(‘sponding to the 
values of the digits of the nuinher called. 'I’Ik^si* same spindks now lianslate the numh(‘r, 
and then direct and control the selectors that (‘stahhsh th(' conia^ction lm})uls<-'^ ar(‘ stad 
out as soon as i‘ach s(‘t is r(‘C(‘iv(‘d. 

As the s])indl(‘s I’otatc in one diFT'clion only the nundKM' of st('ps ie(juir*ed to r(‘aeh lh(‘ 
inaanal jxjsition is the (xanjic ruent of the numlx'r of impulses sent in. the spnidle having ten 
positions. d'luTidore th(‘ ikxhI for the <lial to smid out impulses that, when translati'd, wdll 
call the mnniHT wantixl 'Flu' impulse sehenu* may h(‘ shown in tahula.r form • - 


Digit 

Impulses smit hy dial 
Spindl(‘ to normal steps 
Impulse' out ot r(‘la\ All 
Impulse's out of spindle' and .\l* 


o I 2 7 \ .7 <> 7 S t) 

10 0 s 7 <i .7 I .7 2 1 

0 I 2 :» I .7 t'l 7 .s 0 

1 I i 1 I I I I 1 i 

I 2 7 4 .) (i 7 S 0 10 


The bottom row of liguri's are tfie impulse's rexj uueel, e'aeh he*ing one' gre'atei- than the 
digit wanted. 

In a system lor 2,000 hue"', the' 1,000s le'gister spmelli- is not mpiii'e*d in se-iuliiig, t,he're 
being only t hree sets eif impulse's, iho-^e in t Ikm , 6 and e/ place', e-.ont rolle'd hy the* loii v, lOsanel 
units re'gister s})indle'. d'he' 1 .000 s spmelle- is only re‘(pnre*d for t rauslat mg t he im piiiscs in the . 
c place. 

The' electrical eiperatmiis are* as follows . - 

The loo’s register spindle* is eonnee-te'd to tlu' fundame'ntal e*ii’cuit. when the' sejqiieme.ei ^ 
switeh 117 IS inoveMi to positiein 0. The* n(*e'i‘ssa.ry inijmlse is se'iit hy seepieiwe swite-h K.4 
(Fig. 102), after disconnecting tlm 100 s sj^udjo from the* ealle'i's s(*neler cireiht. 

ddie ti'ip spiudlc ed tlie* grejup swite-li he'gins tee reitate* (h’ig. lt)7) as soon as the* lunda- 
montal circuit is closed at spiiiig F in position (i. , 

To peu'form sedeedion the 100> spindle* must he* set forward one* ste'ji for e-aedi^step 
takeai hy the' tri]) spinelle, as follows . - ^ 

1. The* s(*([uvnee switch R5 iiigeang te) position (» ehises spring It in position 2 Batte'ry 
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is then connected to l)lH,®vvlueh energises and opens the eireiiit to the SS |{r> at its i>aek 
eontact. * • 

2. When the fundamental eireuit is eoin]>leted, thnnigh relay Sit' to lh(‘ distant s^vitell, 

SE' energises and opeps earcmit 1, so that DIE de-energises and again foin]>Ietes its l)aek 
emitact. • 

3. Before the trip s])indle completes the iirst or any otlier st<‘]) it earl hs the f inula nnuital 
eireuit at TNT2,*and short circuits SR', so that it de-energises. 

4. Each release of SR/ completes eireuits through the two windings of the dilVcrential 
relay DIR. the ri?^ht liand winding Ix'ing througli the hack contact On. springs c and h to 
magrud RtllOO, and battery ; RDlOO is energis<‘d. 

'rhe spindli* will talo' (miy one step, l>ecaust‘ a second cam on llu' lOO's spindk'. nnaiuMi- 
tarily opens eontact h as each ste]) is tak<‘n, to open cin-uit 4. DIR now cn(Tgis(‘s. as cnrriMit 
is through the left hand winding only. ( -ireuit 4 is open to magrud. R< 1 KM). 

*5. A power cam and spring (t an* ])rovided, which comjikdes a local circuit for RDlOO, 
W'hkdi is not o]>ened until th(‘ st('p is c-onipleted. 

As th(‘ trijj spindle eompletes tlu‘ step, nday SR' is again eiu‘rgis(‘d to ojuMi its hack 
contact, when DIR di'-eiuagises and re-estahlish(‘s the diOcnmtial (‘ircnils. 

Similar aetion oceuis for cacli a<lditional step ta,k(‘n, until the 100‘s spindk' is rctmnc<l 
to normal, whei^ a tliird cam operates sj)ring r. Tins perimuu'ntly ojx'us circuit 4 to RDJOO. 

The tri]) s])indl(‘ takc's another step, and SR' is again de-(‘nergis(‘d. 

0. Relay AR energis(‘s ov(‘r contacts ()(h oc of RtDono, oc, of IKDOO. (;o. hack contact 
and 14 ohms of relay 1)1 R,* hack conta(d of SR' lo (‘arth. 'Fhc fundamcnlal cir<‘uit 2 is 
oj)enecl, 'hhis last is t lu' extra impulse taken out (»f ntay AR ri h'ncd to above. 

Id’anslation re(tuir<‘s that the* series in the c place he decreased 1>\ one if tlu* liundieds 
digit he odd, and augmented by one if th(‘ thousands digit he odd. An imjmlsc is d(*duet(‘d 
by sim])ly advancing Ilu‘ spindk' one step, before it is connect(‘d to llu' Kniikum'ntal circuit. 

7. On (he hundreds s])indle there is a fourth cam, having a. notch in (‘vciy si'cond p«)si 
tioii, and a springe which closes its contact in th<‘s(‘ odd p(>sitions. heung those' rc([uu'('d when 
an <»(ld liundreds digit is w^anted. This contact in closing pre'pares a cin'uit to RtOno, over 
the springs ]V1 ajul X, which are closed monu'ntarily in position .t, as t lu' sc([ucnc»* switch Ro 
passes frojn 1 to ti. ROlOO is ('iiergise'd and take*s oiu' step, so that tlu're is now one stcj) 
less in the spindk' to )>e taken out o\er tlu' fundamental circuit w Im'u t Iu' hundri'ds wen* 
odd. 

5. An impulse' is added by taking an extra, impulse' out of the* thousands spindk'. If 
digit 1 is sent from the dial (for 1,000), /.e., 0 impulse's to line', the* thousanels sjeinelk' i> move'd 
to pejsition 0. When spi'ing c ol the hundre'ils s}>ijulle‘ cuts oil RDIOO afK'r the' s]nndk' is • 
ivturned to ne)rmal, it switches into circuit magnet R(J 1000 ovt'r its sjiring c. d'lu' >e'lce*ting 
reJay*8E' taking an iinj)ulse out e)f RtDoOO, o])e'rates an aeklitional time', whie'h ii'turus the 
thousajuls s])iiidle to normal, and e;onnee*ts condue*tor cire-uits to the' '*ut off re'lay AR e>ve'r , 
circuit 0. 'Idic re'lay SR', o])crate'd for tlic last time-, take's the e'xtra impulse* out of 
relay AR. wliich ene'rgises and opens the fnnelame'ntal e'ircuit. 'Die're' is thus adek'd an 
impulse' to the' series in the r plaea' w Ik'U the* thousanels are' odd. and onl\ the'U. 

If the* capacity is ove'r 2.000 line's, the* tleemsands spindle is controlled hy a re'lay (neet 
shown), so that, wdien the thousands are* oeld. the s))indle will oidy ge) to tl)c ninth ])o'iition 
wdien contiolling the impulse's in the* d j)la.e-e'. 'riie* re'iuaining ste*]) is 1ake»n as dcscrihe'd above 
by adding an impulse* to the* r jelace* >e*rie A. 
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The Hr>, being in parallel with the relay All! is also opoKated, and moves 

its spiiidk* lo position S, • 

10. TIk' lens spindle is eonn(‘et(‘d to tlie selecting eirenit. over th(‘ contact P8, and ia 
ready to nK^a.sun* tin* irn}mls(‘s lor the h ])Iacc. ''rii(“ fundani(‘F.tal circuit is also leelosed at 
spring K in position 8. • 

In th(‘ meant ini(‘, the brush carriag<' of th(‘ group switch has found terminals of an idle 
junctir)U, ami cxtiuidcsl the circuit to a linal switch, whose brush chooser is^-placed in circuit 
n*lationshi]) uitli tin* lundanicnlal circuit. 

If the brush ( arriage is slow in finding an idle junction tlu* 1(*ns spindlb. connected to tlie 
fundaim nlal circuit, is [)j‘(‘V(“nlcd from taking a st('|) by the r(‘lav DIP. which remains 
cMcrgis<‘(l «>v(‘r th(‘ back (“ontact f»f nday SU'. ami k(‘(‘ps th(‘ circuit ojxui towTirds tlu* magnet 
(ill in. until the I’clay SIP o])(Tat<‘s with tlu* closiiig of tlu* fundaim^ntal circuit at tlu* distant 
sw itch. 

'The tri]) spindk* of the final switch rc'Vobc^ wh(‘n the lundamciilaJ circuit is clostj/l at 
both (‘lids and, thnmgh the intervention of tlu* r(‘lav Dill. stc|)s the tens spiiidlt* back to 
normal Then one more iuijiulsc is taken out. <»vcr the cutoff r(‘lay AIT whicli ojKTates. 
o])cns tlu* funda.m(‘ntal circuit and sto])s flu* brush choose*!’. 

The* .sc([ucn(‘(‘ switch lla. in parallel with relay AP. is alse» e>|)(‘i*a1e‘el anel moves to 
position in. 

Ttie* units magiu't IKiT is mew e*onn(‘cte*d tee the* funelame‘ntal circuit, over contact IMO, 
which has again hce*n cleescd eev(‘r F. in positieen Jn. In tlu* m(*an1inu‘ the* brush carriage eef 
the* linal switch has alsee lee'eri eMenne‘cf e*ei tee the lunelame'utal e*ire’uit and eont ? eelle'el, as 
de‘serihe‘d for Tig. inh 

'riu* units spmdk* IPiU is adva.ne*e‘d eem* step for each step tak(*ii by tlu* brush cairiage 
eel the* final switch, and. when r(*turn(*d U) neermal, eeenm*e*.ts the relay AP eeve*?’ the spring c. 
'The* e*\ti*a imjjulse is tlu'ii taken out, eiuTgi^^ing r(*lay All, which in turn eejX'ns the funda 
mental e*ircuit ami stee])s the brush e arriage*. 

ddic (ejecration eef translatieeii. wluri necessary, is sim])ly }H*rf(erme‘el 

It was shown in tlu* sectieeii ekrding with translatieeii (s(*e*tieen 42) that, to reach tlu* 
preepe*r terminal te*n imj)uls(*s must be* a(kk‘d teethe series m the a place when the hundreds 
arc ofkl. 

1 I. Ib'lay H IP is energise*d, ee\er contact N in position o. and e)\(*r the* spring r of tlu* 
liunelre*ds spimlle* ((4e)s(*d when the* hundreds sent in Avere odd). 

12. R(*lay H IP is lu'kl cnergise‘d eev(‘r its freent eeentae*t. aiul eeve*!’ the* ceeiitaet < een the* 
unit^ spindle*, tn e*arth. 

Sjerings /> ami r of l;(il ar('e*e)niu*et(*el teege*t lier ee\ e*r tlu* right hand freent ceeiitact eef relay 

Hill 

Umk*r this ceeiidit ieeii. tlu* s])ring r will fail tee make tlu* switch-eeve*!’ to the* relay All ‘when 
the spimlle* reae*lu*s neermal the first time, as the relay AP is cut eeff at tlu* back e*rentaet of relay 
H III. 4’lu're*fe)re tlu* spindle* will ceentinuc tee steje. and take ten more* st(*ps, until neermal is 
again ie*ae‘heel. In taking tlu*sc .st(‘ps it passes positieen J wlien tlu* iburth cam allows Hie 
spring e tee droji intee a lueteli. wliie-Ji iiiomentarily eeyeens eirenit 12, and relay H 1 II 
de-(*ne*rgise‘s. 

^^dlen reaelimg tlie neermal peesition feei* the st*e()iid time*, tlu* eirenit leer the P(i!U 
inagTU't is eep(*iu*(l, ami a eirenit for the iT*lay AR eeempleted, eeVer eeeiUact lOD, oe, iOP and 
14 eehm wineling e»f re*lay Dl R. to earth. When the' last iinyinlso is taken eeu*! eef the relay All 
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HUISII car«ia(;k and brushes 


it is (‘lu riiiscd, aj^ain oikhs the fiindainciital cironit, and stops tfio hriisli carriage of the final 
sv\itt‘h. • 

'riK‘ ^<‘qut•nce svvitcli Ko, in parallel with relay AJ», is also operated, and moves its spindle 
into position 12. wliieli initiates tlie release the register froln the,eonnection circuit (not 
shown). th(‘ registi‘ 1 ' having ]u‘rformed \i> function. 


Section 49 

BRIISH CARRIACK RliVOLVKS AND TIIK BRUSHES HUNT FOR AN IDEE JUNCTION 

(Kig. 105) 

( 

'rii(* tiip s|iindl(^ having laaai advanc<‘d a distance eoin'sponding to tJie digit called, 
has ])iojcctcd a pailicnlar tooth ; the hrush carnage' must then l)(‘ rotated. 

1. W hen contact E is cIomhI in position 7, the jaiwer inagiu't f'(J is (‘iiergiseal. and the 
brush cari’iiigc begins to rotate', W'he'H the Ml se*ts of brushes j)ass the triji s]>in(Jle, the lateli 
eorrespojiding to the' se't tooth xsill be* Irijipe'd. and the particular set of brusht's rekmsed. 
In tlie tigure' einl\ two s(‘ts are' sfieiwn, anel thc' top tooth is assiime'd to be* in peisition te) trip 
the' top se't of briishe'S. As tlie* biiish e'arriage' reveilve'S, the' trinpe'd brushes swe'e'p over the* 
teTininals of the* le'Ve'l. W’he'ii an ielle' line' is reaehe'ej the* brush carriage* will ste.>p. Kach 
line' is te-ste'el in passing by the* third or test brush touching e'ae'h te*st terminal, (JT'Jt and 
(rr2ll are* the* t\No le'st ]‘e*lays. 

2. .\ busv line* is inelicate'el by the* leiwe'r te'rminal thirel e*onduetor having a jiaralle*! 
path SM that the*re is a pote'iitial eif only a fe'W veilts, anel (IT'M eloe's not e'lie'rgise* 

1'he' third eonducte)rs, above* last me'id ieme'el. sheiw ielle* line*s. having the* lelay (^OM. 
directly e-onne'e-teel anel the're'fore. with full batt-e'ry peete'utial, and ivlay (^T'H e'lK'rgise^s. 

4. '.riie' la-eihin winding of (JT'H anel (rr2M teirm a low re'sistauce' shunt about the* 
S(Mi-ohm wineling. tei e-ause* the line' tei te*st busy tei any othe*]’ swite h that may te*st. 

A break e)re)])e*n eontae-t will also cause t he* line' te» te'st busy, whe'ii (Tril will not e*iu‘rgise', 

7). The inte'irupte'r, (II NT. short a'in'iiits the' re'lav (JT'K until the* bi ushe's are' fairly 
ee'iit r<’d on 1 he* te-rminals. 

Melav (fr2U e'lie'igising eipc'iis eire'uit 1 se» that the jieiwe'i' magne'1 J*'(J ele*-e'ne‘rgise‘s tei 
sto]) t he* brush e'ari iage*. 

(). Melay (lT2lt also e'hise's a eirenit fe>r the holeling inagnc't H(T ene'r e'ontaet 1)7, se> 
that the* e-arriage is breaight instantly tei a steip. 

7. 'Phe* se'epi('ne*e' sw ite h J\2 is alsei energised eive*]- contact (T, anel nn.)Ve's inte> position 10. 

s. 'fhe* funelameiital e*ircuit containing the relay SU' is cemne'cte'el over the* cemtacts Olo 
anel IMo, anel over tlie brushes A' and B', to a juiu'tion line leaeling to the linal switch. 

\V1ien the syste'in has a e*apae*ity of eiver 2,000 lines, the fundamental eire*uit will be 
e-oniie'cted tei a elistant secemd gremp swite'h, Avhieh will be se'leetiveily e*.ontrollcd, as was the 
first grouj) switch, abeivc eleseribed, anel whie*h will then e'xtenel the funeianu'iital e'irciiit tei 
the* final swite'h. where the* termijiuls of the wanteel line are to bo found. 
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HRl’SII CIIOOSKR AM) BRITSII CARRIAGE 


Section 50 ‘ • 

0 

BKI SH CHOOSER AND BRUSH CARRIAGE OF FINAL SWITCH SELECTIVELY 
CONIROLLED BY THE REGISTER (Fi^. 106) 

1. Wlieii the lundaiiK'ntal circuit is completed to the tinal switch, relay FLlv energises. 

2. Sequence switch R energises, over contact 1)1 and front contact of F.LR, and moves 
from j)osition 1 to 2, ready to Ix^gin tlu* l>rush choosing o])eration. 

Ji. Magm^t P2 energisi-s (»ver E2 contact and front contact of FLR. ‘ '^Jdie trip ^pindh^ 
of the linal svvitcli revolv(‘s through a delinit(‘ angh* to set a particular tooth in the ])ath of 
tlK‘ hrusht‘s. Again each .sl(‘p takiai by t.h<‘ brush spindle returns the register spindle a 
sU‘p forwards towards normal. When normal is icached relay All is energised to o])en cii'ciiit 
1. wlien relay FXR de-eiUTgises to stop Ha* s])indle. 

4. »S(‘<pienc(‘ switch R is (mergisi'd over contact 1)2 and back contact of n^lay F^LR.^ 
Th<‘ regist(‘r now connects to tlu‘ units spindk‘ to control tlu‘ movement of lh<‘ biaish 

carriage, and again complet(‘s circuit 1 b\ closing contact at s])ring F. K(4ay FLR energises 
and again closes circuit 2. !Se(picnc<‘ switch R. ste]is to jiosition 4. 

5. J\lagiu‘t JM is cnergivsed over contact .F4 and front <'ontact FLR. d'hi* lirusb caniage 
l)(‘gijis to lotatc, and one s(‘t ol brush(‘s will b(‘ unlatched w luai th(‘ trip spindl(‘ toot li is passed. 
Idle brush carriage is moved forward and th(‘ jiassagi^ from tciuiinal to teaininal is marked 
(df by tli(‘ inteiru[»ter INd’t 

b. Th(‘ tundauKaital circuit I is earthed ovia- contact N4 and I NT'. Relay SIT is 
shoit-eircuited and leleascs, so that th(‘ units Ji‘gist(‘r spindli‘ is st(‘p])ed forward. 

The lu'ush is stopped when th(‘ register returns to normal by relay AJt Ix'ing eiuagiscd 
to 0 ]H‘n circuit 1. wher(‘by i<4ay .FLR is d(‘ emagised. Uireuil is then ojieii and magnid 
V' de-cnergisetl. 

7. Sequcnc(’ switch R is energisi<l ov(*r eonta<t 1)4 and back contact ol r(‘la\ FIdL 
and stej)s from ])o.sition 4 to 10 

The line wanted is tested while th(‘ siqucnce switch R i^ passing from 1 to lo. 


Section 51 

LINE WANTED IS TESTED, RUNG, AND GONNEG l ED FOR GONVERSA I'lON ; IF 
BUSY, BUSY TONE IS APPLIED (Fig. 107) 

1. d’he called line is tested when the se<pK'nce switch R closes contact (i in ])osition 7, 
over FT'R, biush C', and through relay FOR. (M)R being unshunted, tlu‘ line tests idle 
and FT'R lauagises. 

2. A low rcsistanci' circuit is complcttd over the low rt'sistance coil and front eiaitact 
of FT'R, through itday F'r2R, Avhich (‘iigages the called line. 

T, iSequence switch R is (‘iiergi.scd over contact Fit), front contact of FT2R and bat k 
contact of relay FLR. R moves until contact F is ojiened in jiosition 1 1, so that R moves 
to ])osition 12. 
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CONNECTION IS CLEARED AFTER CONVERSATION 


4. In position 12 ringing cnrn^nt is sent over r<‘]av KGJl, eUntaet Jil2, >)rush B', called 
line, brush A\ contact .112. JbittcTy is slic»v\n apjilied in intervals of ringing. 

r>. The ealling ]»arty is giv(‘n an indication that the (jailed party is Ixnng rung by a short 
buy./. A (>0(l-ohni bridge is placed across the* looj) by contacts *1 and^K in positions 9 to 11. 
14)1“ .supervisory reday S21I. near the rejieater, is caiergiscd. • 

h. Th(^ scRpiencc switch It', associatc'd with the group switch, is cuiergised over contact 
HH, and is moved to jiosition *.l to conncjct an interrujiter K*' to the calling litu‘. The bridge 
is immediately thcivafler opeu<*d and reday S2U dc* (‘nergiscsl, when scc^uence svvdtcdi R' is 
moved to ]iosition Id t<i cut olT the tone. '' 

7. When th(‘ calk'd party ansHC'rs reday RGJ^ is encTgisc'd. K2 is stc'piied to position 
12 to (JUt- otf till' ringing cuiTcnt. Rc'lay S2R is again (‘iic'rgisi'd, and over circuit (> energises 
Rl, to mov<‘ it to positmn to. wliic'.h is the talking ])osition. 

If the* calk'd line' had tc'sted busy, rc'lay ET'R would not C'UC'rgise, nor RJ’2R, so that 
thc' scHpiencc switch would stop in position Id. , 

5. Magnet P' is eiu'rgisi'd ov('i‘ (‘ontaet hid, back contacts of n'lays FT2R and FLR, 
.so that, th(' brush cari‘iag(' of the linal switcdi is re\olv('d towards normal. 

9. Relay FLR is ('iicrgised ovi'r contact Nld, and the' (‘arthed sjiring Rlli touch(*s plate 
B17. (drcuit S is ojR'iied to dc'-i'iu'rgisc' R', and .stops the brush ('arriagi'. 

Id S('(jU(‘nc(' switch R is (‘lu'jgised over contact Did and front contact of rt'lay FLR 
and moves to posit ion 1 1 . 

11. ddu' holding magnet II i.M'nc'igised, ovi'i* contact Bl d and front contact ofndayFLR. 

'Tht' brush earriagi' is thcrc'fore instantly stop]H'd. 

ddie seqiu'ucc* switch R remains in jiosition 11 until tlu' group switch has ridc'asc'd the 
trunk, when it n'turns to normal (not shown). 

Busy tone' is givc'u to the calling party by th<' int('rrupt(T IC' connect('d to tlu' line, 
over the sjii’ings H and .1 in jiosition 9 of the sc'cpience switch IF. It- was driven to this 
position, from S, by iT'lav S2R over its front- contact (circuit d)^ bi'ing ('lU'rgisc'd in a 

circuit conijik'ted by bridging the ddd ohms r(‘sislanc(' on the juiu'tion line at tla* final switch 
(in position 1 1 of sc'fjiK'Uce switch R-). 


Section 52 

CONNECriON IS CLEARED AFTER CONVERSATION (Kift. 108) 

Will'll the caller ri'jilaet's the iweiver, th(‘ supervisory relay S'R is de-eiu'rgist'd. 

1. Relay RR <'nergis(‘s. 

2. St'cpience switch R2 is energised, over (xintaet .112 and front contai t of relay RR. 
R2 is movi'd from jiosition 12 to 18. 

2. Fircuit 2 is ojit'iied at contact K12, and relay DR de-energist's, and initiates the return 
to normal of the linal switch. 

Tlu' ivtiirn R) normal of the final switch will be deseribt'd, as tyjiical of all the swatches. 

A te^t is first nuuk' to make sun' that the receiver has bet'ii n'placed. This is necessary 
to jirevcnt a line with microjihone in circuit from engaging another swatch and register 
usi'lessly. ^ 
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4. When relay QH de energises, tin* sequence* switch [1 is e#»iergise(l ov^^r contact B13 

and the hae^k (‘ontaet nf QJt, and niovt's to yuisition 15. ' 

5. Itelay FLIt is then eoniH'ctrd to the line* over (iontaets Ml 5 and 115. FLU remains 

en(‘r<ji:ised nnt/il thi* nM‘eiver is r(‘|>lae(‘d. • 

<). Se([iienee switeli II is a^^ain (‘ner^isc‘d over contact Dio ami hack contact of relay 
FLH, and moves from ])osition 15 to IS. • 

7. Maenad F' is oner^dseal oV(‘r contact FlS and hack contact, of FLlLsand the brush 
carriage* is i’este)r(‘d to jiormal. 

S. J{i‘lav FLIt is energiseal when the* spring F>U» touche's the j>late‘ 111 7, v\ he‘n the* brushes 
reaeli the normal jiositioii ove*r contact IS. 

!). Iloldin;j magiu't II is en(‘rgise‘<l ove*r (‘eujtact LlS and front contaed of relay FLR, 
to stop the* carriage* instantly. 

in. I’lu* se*(]uenc(‘ .s\vite*h 11 is ene“rgise*d ov(‘r e*e)nta(.d DlS and fj’ont contatH. of relay 
FLIL and me)ves its spindle to the neirmal positieai. 

Idle trip spindle* e)f the* brush choe)se*r \\as redurne‘el te) normal when the* seejiuau'e* switch 
R re‘ae*he*el peisitieui 7, w lu*n the* eiicuit e»|’ the* magnet F2 was ele)seel e)ver the J)e)we'r ceintact 
sjiring (‘uuaging the* ])e)v\e'i' earn, llie* tri}) spinelle* reve»lve*s until normal is r(‘ae*lK‘d, where 
a note'll in the* [leiwei” e*am is so deep that the* eeaitact of tlu* peiwor spring is eipe'iuM. Idu* 
])uwe‘r magne*! is deM*ni*rgis(‘d anel the* trij) spinelle^ stopped. 


Section 53 

I’HK CONNFXniON IS REGIS'IKKED AFTER CONVERSA'J’ION (Fig. 109) 

.\n etTe*e*tive* ee)nne*etie)n ne*ct*ssilat(*s the* aelvanceiiu'id eif the calling suhse*ribe‘r's medtT 
erne step. Idle r(*gistrat iem takes plae'e* after conve*rsatie)n, aftc'r the* re‘cei\er is re‘plae‘e‘el. 

Whe*n the re*ccive“r is leplae'cel, re*lay S'R de*-energis(*s. 

1. lb*lay Rlt is ene*rgise‘d, over e-eintaed F15 and bae*k e'eintact of 8'R. 

2. Se*epu*ne e* switch R is e‘ne*rgise‘el, e>ve‘r eemtact .113. 

3. When K2 e‘le)se‘s ceaitact I in ^leisitiem 14 se'epu'nee switch R' e*ne‘rgises ove*r contacti 
DI5. The* nmtiem of the two switedie*s will be simultaiH*ons Switch R2 in going from 
])e)sition 13te) 1 S passe*s threaigh peisitions 11, 15, Itianel 17, while* IM in going from peisition 
'15 te) 1 ])asse‘s threiugh It), 17 anel IS. 

4. Me'tering circuit. The sfieeial batte'iy is e'emnecteal over contae*t Ql4 tei 17, Lit) to 
IS, lu’ush anel te‘rminal (■ to meder SM. One battery re*inforces the* otluT. 

Ib'gistration e-annot take ])lae*e W'he*n the* line tests busy or when the* calle*d ])arty does 
ne)t answe.*!’. ddie* switch will re*main in position 1) or 10 respectively. Ibider these cemeli- 
tions R2 is move*el out e)f position 13 when the* called rcc(‘iver is replace'd, anel (‘lose*s the 
spripg I, as l)e*fore, to start K/ freim j)osition 9 threiugh all the ])e)sitiems to normal. But, as 
both switeh(‘s trave*! at the same s])eM‘d, IV will pass thre>ugh 1 L 12, 13, 14, when spring L 
is not yed cle>se'd, w hiles R2 is passing through 14, 15, 1(>, 17, whej\ spring Q is closed. The^ 
meteu’ will not be e>pierale‘d, as the circuit from the battery w'ill not be completed over the 
springs Q anel L, the first closing and opening before the second closes. 
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REdlSTEH RECEIVING IMPULSES 


Section 54 

THE REGISTER RECEIVING IMPULSES AND CONTROLLING THE SELECTING 

OPERATIONS (Fig. 110) 

As the diagrams of thi' commercial circuit (Figs. 1 If) and 124) ajipear very complicated, 
and as it is essential to understand thoroughly the fundamental features V)f this system 
an interniediat(‘ circuit arrangement follows. 

In a r<*gist('r-controllcr equipunait two sequence switchi^s are associated therewith, one 
estaldishing the cir(*uits for such register, one after th(‘ other, and hy which the registers are 
set, the other sccjikmicc* switch (‘stahlishing tlie <‘ircuits, one after the other, hy which the 
r(‘.gistcrs s(‘vcrally control the necessary and res])ectiv<‘ sele(*tion controlling ojierations. 
Otic sequemte switch is known as the inronnu(j h(‘cause it estahlishes the circuits for the 
several regist(‘rs hy which they are set, and th(‘ other the oulgoitKj. hecause it controls j^he 
circuits hy which the several registers control the necessary selection coTitrolling operations. 
Thesci seipience swatches are so int(Td(‘})endent that 1 }h‘ outgoing sw itch will only lx* o])erated 
to estahlish the ein uits for the first switch control ojx'rations after th(‘ neca^ssary s(‘tting 
o]HTations in the registers for iinxlucing the propiT ctintrol in the selectors have lx‘en 
accomjilished, 

Th(‘ circuits are numbered in the ord(T of op(‘ration. and are as follows : - 

1. When th(“ nx’eiver is lifti^l tlie inquilse stepjiing r(*lay K' energises. 

2. Sixpiencc switch M2 moves from position 1 to 5. 

2. SS M2 in ]X)sition 2, r(‘lay fl2 is energised. 

4. C^irciiit. through l(‘ttdiand high-resistance winding of dilTcnuitial relay R4. 

f). Circuit through low' resistama* winding of Ti-1, and through magn(‘t Mfi of register 
in series. .114 lx‘ing dilTerentially wound does not energise. Mr> energises and, takes one 
step. 

(i. L(K*al circuit of MTi, to maintain it energised until it reaches its tirst jxisition. Cir- 
cuit 5 is then openiKl at o' of regisliT. R4 then energises and opens circuit 5 at its liack 
eontai’t. 44ie contact o' is again closed. Mf) cannot take a second stc]) until 114 de- 
en(‘rgis(‘s. 

Let the Number to be called be 703. - 'rh(‘. tirst series of imjmlses, to he received from 
the dial, are two short ones and one long. 

The first interrujition of the line circuit causes R/ to de-cnergis(‘. (Circuit 4 is opened, 
,and R4 de-eiUTgiscs. When circuit 1 is again closed Mh energises and moves its contacts to 
]X)sition 2. (Hreuit h is again ojxmumI at o', and R.4 energises over circuit 4. 

44i(* second interruption of circuit I again causes JC to de*energis(‘. Circuit 4 is again 
oj)ene(l,and R4 de-energises. When th(‘ circuit is again closed Mh energises and steps to 
position 2. Circuit 5 is ojxaied at 5'. and R4 energises over circuit A. 

Th(‘ third intiTriiption is the relatively long one, to change over the inquilse circuit 
from Mo to the tens register. 

'7. This circuit is cIosihI for a longer jx'riixl to allow the slow-to-energise relay R7 to 
energise (it must not be closi'd long enough t-o allow' M2 ,to take more than three stej)s). 

f'ircuit 2 is open, and R2 de-(‘nergises. (Circuits 4 and 5 ar,e open, and R4 de-energises. 

5. SS M2 (uiergises and moves from position 6 to 8 (jirovided R7 is dc-energised at that 
time). 
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Should t}i(‘ subscrihertdcsiiv to clear at this tiiue the interruption is longer still, and 
M2 moves through its 14th and comes to rest iu its 15th position. 

Before M2 arrives in position S, circuit I is again closed, and IL energises. Ml de- 
energises and R3 is energised. 

th (5rcuits 4 and 5 are a^iin com])l(‘ted. hut 11 1 tlot's not eiuTgise. (^ircuit 5 is extended 
to M9, which moves from position 0 to 1. (\mtact O' is opened, and 114 encrgist‘s (»ver 
circuit 4. • 

Second Di^it, 0, impulses. On the tirst interruption II' de-cMiergises and the actii>n 
is as ])efore, and^li) tak<‘s another st(‘p. As the sc'Cond digit- is 0, nine short- interruptions 
and one long on(‘ will he received. W'hen II' is e.icrgiscd, h(“tw(^cn the last short an<l the 
long interru[)tion, Mil will tak(‘ a tentli step, bringing it- hac k to 0 oi‘ normal. On the tenth 
interruj)tion 117 caiergisc's. as hc^forc', t(» cause the SS M2 to mov(‘ from position Hto II. in 
tlie latter ])osition, the third digit (.3), seven impulses are to he r(‘e(‘ived. 

It). RegistcT Mlh is to he movc‘d seven steps from normaJ. Thi‘ last, or long, imjmlse 
move's SS M2 from position 1 1 to 14. 

1 I. W^hen SS M2 movc'd cuit of its 5th position it closed, in position ti, a eircaht to SS Mil, 
which moved to position 0. '.rin^ seating of Mo was then com])kd('d, and sc'lec'tor controlling 
begins. 

12. SS MI I in ])(»sition 2 causes the diflVrential re‘lay .1112 to eauTgise*, through its high 

resistance*, the* low resistane*e eirc’uit lu'ing o}H‘n, and it rc'inains energiseal until 12' eont-aet 
of the* outgoing ste'pping re*lay is e)i)ene*d. ^ 

13. This circuit was |)re*j»are*el pre*viously, and when 13' eaaitact is elos(‘(l by Mil, in 
position (), controlling he*gins. If cireaiit. 13 is not ivaely 13' will close*, and the* ope‘ration 
he* elelaye*d until earcuit 13 is e‘omplcte‘d. 

Whe'ii e‘(uni)lcte*ly re*aely, IM3 encrgise*s in sc'rics with the* line* relay at the* se*le*e*1-or und(*r 
control, r<‘lay 1117. J^'ig. Ill, (ireuit- 12 is <»penc<l, anel 1112 ele; ene‘rgise*s. 

IS. SS M IS energise*s and move's to position 5. 11 13 and 1117 are maintaine^d encrgisc'd. 

It). lk)we*r magnc't Mil) is e‘ne*rgise'd, and the* sc'le'edor switch moves its hrushe's Br 
ove*r the te*rininals of the grouj) in which the* de‘sire*d line is loe*ate*d, at the* same* tune moving 
brush Blv' ove*r the* int(‘ri’upte*r rae*k IN3\ so that the* circuit is int'C‘rrupte*dly c,e)nne*cted to 
earth, first hctu(*e*n n<»rjnal and first t(*rminal. and th<‘n bctwe*cn adja-ejcnt terminals. 

20. EiU'tli ove*r IN't maintains 1117 enc'rgi.seMl, but shunts IM3 so that it de*-(‘ne’!rgis(^s. 

The first dc-e*ne*rgisation of 1113, due* to the* shunt ore the fundamental e*ire*uit as the* 
brush move's from II to 1, close's e*ire*uits for the* diflercntial windings of 1112. 

14. Bot h windings of 1112. <‘ircuits 12 and 14, re*e*e*ive cuiTC'nt, and it docs not e*nt‘igise. 
B-egistcr magnet M5 is cneugiseel and take*s one st<*]) te» the* 4th jrosition. It also c'loses* 
circuit <» t-o emabh* it to conprlete* the* st(*j). (-onlae't 14' is o})e*n, and 1112 de*-e‘ne*rgise*s. 1112 
then o])ens e*ontact 14", so that M5 takf*s only one ste^p. 

When the shunt circuit has he'C'U a])plie*d to 1113 sevc'n times the rc'giste'r Mf) has be*(m* 
8teppe*d seven steps to normal, and the* diflercntial rc'lay 1112 has he*(‘n c'neigised and de- 
enen'giseel, as before describe*el. 

The stepping magnet 1113 is again e'liergised by the ojreaiing e>l the* shunt at the* Iwush 
chooser, and 1112 de-ene'rgises. As the brush chooser takes its final stef^ 1113 is again de- 
enc'rgised and the circuit for 1112 e*losed. ' 

15. The left-hand winding of 1112 is now (M)nne(;te‘d to the SS MI Maud 1115' in ])araUeb 
circuit 13^is opened, thus opening the fundamental circuit, and the* setlee toi- connects wuth 
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an i(l!(‘ liiiu in lfi(‘ ^*rnuj> 7. SS ](l1 1 iihjvus to jiosition 7 and ()|)Ci 4 is oonta(*ts ,13', 15' and 15". 
i:;' ojK'ns cin nil 13 till tliu apparatus is jx^dy for a second s(‘l('etln<f cfjntrolling operation. 
I,’)' ajul 15" ojKMi tlie <*nergising eireiilt of 1M5' and Mil. anil J(dt winding of K12. which 
energises and remains (‘iiergised until lh(‘ secoml seh‘Ctor and Jn3 a^aln (aiergisix 

SS Ml 1 in its jK)sition 7, and tla* setting of the registi'f Mt' heiiig com])let('d, the secopd 
sel(‘etion controlling operati(»ns begin. If M7 is not completely set, Mil is maintaiiu^d in 
position 7 until the change o\ (T from Ml) to MiO is com])l(‘tcd on th(‘ incoruing sid(‘. due to 
the long impulse at th(* t‘nd of th(‘ second digit. W hen such is received M2 mov(‘s out of 
posit ion s to 1 I . 

l(i. M2 in position It Mil (MU'rgisc's and moves into jiosition S, in which 1h(‘ si'cond 
s(‘lection op(‘ra1ion takes j)lacc (M2 cannot come into posit ion D until Ml) is conij)let(‘ly set). 

Th(‘ selection eontrollmg is again similar to that d(‘scribed from circuit 1 I onwards.^ 

17. As soon, t luaxdon*. as tin* fundamental circuit 13 has been (‘\l(‘iuled by'thi‘ former 
op(‘rations to circuit 17, or the like of l’5g. 111. 1113 and 1117 emagise. , 

Circuits Is, ID and 2D operate, as ladoix* (hseribed. 

'rh(“ digit called being 0. and t lu* r<‘gister Ml) having b(‘en movi'd by the incoming 
impuls(‘s ov<‘r ID jiositions, is. t heridorcx again in D. 

By the lirst earthing of I X'F. BI3 is deauKagised. 

21. Ciiciiil 12 is comple((‘d. in paralkd with circaiit 21. and I\I2 is not opiaatial. Mil 
and lvl5' ar(‘ (ai(‘igjs(‘d in parallel It 15' ojxais circuit 13. and tiu' brush si'kxding sjundle 
slo|)s ill the lli’st j)osition. to allow of a line being sidected in tlu‘ D group. ]\ll I moves to 
position D. and\he contacts 13, 15' and 15" an* opiMual. as whidi Mil hdt position (i. RI2 
is (‘laagisial over circuit 12. 

SS xM I I in |)osition D. and registia* MlD compkdidy set, th(‘ thii'd scdecting op(‘rations 
(an b(‘gin. M2 v\ill only mov(‘ out of position II afti'r MID is eouiplet(‘ly s(d. 

22. Mil in 1), and w hen M2 has l(‘ft positi(»n II. Mil mo\ (‘s to |)osition ID, and tla* third 
sek'ctiiig oj)(*rations b(‘gin. 

'idle digit to be called is 3. and MID has b(‘en sid to position 7 by th(‘ incoming imjmlsiis. 
Four impulses ha\’e to be rcc(‘iv(‘d by th(‘ switch, and tluax* must b(‘ four shuntings of relay 
Rl3. W'Immi the fuiidaimaital circuit 13 is now closed at the final switeli, which is to be 
controlled according to the value of the* final <ligil, 1x13 and a nday cori'esponding to IM7 
are encagised 

'rh(‘ lirst shunting (d nday 1113 will caus(‘ MID. as before descrilaal, to move to ])osi- 
tion S. the second shunting will causi* it to move to position D, and th(‘ third will cause it to 
move to jiosition D or normal. Ddie hmrth shunting wall energise IM5' and tin* SS .Mil in 
jiaialh'l. 1x15' opens circuit 13, and the brush(‘s will com(‘ to rest on th(‘ No. 3 set of 
terminals of 1 he D group, which is th<‘ tiaaninal of tlu* sub.seriber calk'd - 7D3. 

.Mil moves to its normal position. 

23. M2 is moved to its normal position. 

All a])paratus is now in normal. 

Fig. 1 1 1 IS shown only to indicati' the completion of circuits, and docs not corresjiond to 
the typical circuits previously d(‘scrib(‘d. nor to the commercial circuits which follow*. 
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Section 55 

A 1,000-LINE ROTARY MACHINE-SWITCHING INSTAITATION (Figs. 112-116) 

« 

The innnherin^ is from k.OOO n])war(U. 

A ealling siihscriher iiuist dial 1 for tlu' thousands dioit, hut any otlu'r di^it dialhal as a 
first digit will nyt hring iu tlie InindtX'ds r(‘gister. hut will eoiiiavt to au alarm I'inaut, denoting 
a wrong iniiuher. 

The dial is iflnnhered 0 to U eloekwisix '[’he impulsing is on tlu‘ eomphuneidary basis, 
dr., digit 0 s(‘nds niii(‘ short interruptions and on<‘ long one, and so on, till h scaids no short 
im])uls('s and om* long one. 

h]very ealling liiK‘ has aeeess to six registers. 

The s(‘{pienet‘ s\\itelu‘s are so arranged that oidy half of a gi'ou]) ol‘ seeond call lind(Ts 
hunt for th(‘ ealling lin(‘. Thi\v hav(‘ two home positions, I and IS. When a call tind(T 
tak(‘s a eall, and its legist (‘r-hiint ing s(‘quene(‘ switch mo\(‘s, it. eaus(‘s another see(3nd call 
finder to switched in, so that there is always oiu‘ half of thi' group waiting to hunt for a 
eall unless mon* than one half of the switeh(‘s ar<‘ engaged. 

(hi ilK‘ final switches th(^ even hundred is on the h‘ft-hand half an<l the odd hundred on 
the right. 

On all swdteh(‘s th(‘. local A or <i contacts are open in the positions marked ; all other 
contacts are (dosed ludwcxm the positions markcxi. 

The (dreuits are numh(A(‘d in tfie ord(‘r of operation and an* as follows ; — 

1. When the sul)scril)er lifts his reeeivcT to eall relay \A\ (t"ig. 112) (uu^rgises. 

2. Jvclay (111. common to a group, (MU'i'gisi's. 

2. If all the first liiu* linders ari* eiigag(Ml tin* laiuf) L2(L(«L) glows. 

If som.e first line find(‘rs art* idle the brush carriagi* magmd !\14(J*) t‘nergis(‘s, and all 
free first libe tindeis hunt foi* the calling line, and relay IM(L(iR) lau'rgises. Ij 2 do(‘s not 

gl(»W . 

()iu‘ first liiK* finder eomu‘ets with the calling line. 

a. Ilelay HalLTdl) energis(*s in ]>arallel with tlu* (>00 ohms resistance. 

t>. S(‘eond winding of nday llafl/rdl) o\ (*r I NT. 

Ilelay 112 is marginal and will not ojieratt* wlu'u brush D is passing over a busy line. 

WduM! tlie first line finder brush 1) is fairly c(‘ntred on the line* terminals, INI' op(*us the 
circuit. 

7. Relay rv7(liT2R) eneigises, and, circuit 4 being ojamed, magiud M4(R) d(*-en(Tgises, 
and the bruslies come to rest. 

S. Holding magnet MS( H ) and relays IIS((JR') (‘iiergise. 

• h. if all tiu* seeond line find(‘rs (hdg. 112) are busy lamp Lh((iL) glows. 

10. If one or moi'e of tJ)e st'cond line' fimhu's an* idh* th(‘y hunt, for tlie line, llelayp 
RIO and RRIO ((JR and (JIjR) energise. Ramp RO does not glow. 

1 1. A siaamd line tind(T brush carriage magnet Ml RRR) (‘n(‘rgis<*s. 

44ie second line lindei’s operate in the same manner as tlu* first. Relay (4T'lv(R.]2) 
functions ^imilarly to Rr»(RT'R). 

12. R(4ay R 12(( JT'R) ( iiergis(‘s. 

12. R(4ay R12 sw'iteiK*s 'in its second circuit, over hTNT, until the finder brushes arc 
fairly on the tewninals, w Ihmi h'JNT opiais. 
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14. Jlelay Kl4((iT2R) enorgisos. 

15. S(‘([iH‘nco switch M15(R') cnergisosw 

U). The smiiid line hiulcr holding inagncl Mlf)(llF) (‘nergiscs over circuits 15 and 16. 
Circuit 11 is ojicncd at 11', and relay 1114 and magnet IVll \ de energise. 

Se(£U(‘nc(‘ switidi R/ moves all associated contacts to jxfsition 4. Second line finder 
holding magnet RF, relays Rl2(GT'll), Rl4{G'r2R) and ltRlO((TLR) de-energise. 

17. Relays R17(C()R), RR17(LH'R), IM7'(1.(1I). energise, hut m^t SM. Relays 
R/(LR), R2(GR), IU(LC4l), ll5(i;r'R), l<7(LT2R) RH(GH'), magnet Ms( H), relay IU(KOR), 
and all apparatus of first and second line finders which hunted for this ca^l, de-eiuTgisc. 

IK. Relay RlS(S'R') eiuTgisi^s ovit the calling suhs(Tih(T\s loop, while seipitmcc switch 
MI5(R') is moving over jiosition 2. R(4ay IMS opens the opiTJiting circuit 15, and M15(R') 
moves its contacts to position 4. 

SeipKMice switch R' in ]>osition 4. 

Ifi. Register finder ]\11h(R5) energise^s and tests for a free ngisteT. Relay Rl2((rr^'R) 
is now the marginal testing device, and will not operates on a husy register. It functions 
as it did wheai testing for the* calling line*. 

Ev(‘ry tim(‘ Mlfi(R5) passes 1. U. 2i, (‘te*., it tessts. If wc* su]>])ose all register’s husy 
until 6^ is reached, then - 

20. Rl2(G't'R) and R20( AM R) energise. 

21. Relay IM4((;T2R) energises (circuit as 14). 

22. Magnet M 15(R') energises and moves out of ])osition 4 to 5, and R20(AMIv) s(‘ts u]) — 
22. »S(‘(piei'ce switch M22(R4) (Fig. 115) energises and moves from jK)sit-ion I to 2. 

Now th(‘ R contact of register finder M10(R2) opened in jiosition 7, and sequence switch 

M15(R'), moving to ])osition 5, ojiened its contact D : therefori' R2 cannot move Ix’yond 7, 
and the calling cirvuit is (xmiu’ctirl to an idh* register. 

S(‘((uence switch M22(R4), moving out of ])osition 1, opens its contact I) (circuit 2(t), 
and relay R20(AMR) de (riergises. 

24. These an* alarm circuits, and L24(R(JL) glows to indicati’ that tlu’se are in us(‘. 

24u. In ]iosition 2 the thousands lanqi glous, indicating that the thousands imjmlscs 

are diu*. It will readily la* seen that if a timing device is fitted the state of the registers 
can 1m* readily asc(*rtain(‘d. 

Scipienci* switch M15(R') in position 5. (7rcuit IH is (ipen at \x' and caus(‘s r(‘lay 
R1S(S'R/) to de-ener'gis(‘. 

25. Dialling tone* is givi'ii to the* calling suhscriher, and r(4ay R25(lSRi) energises. 
R25 eiu’igiscs before* s(*(pienee sM'it(*h M22(R4) gets t<» ])ositi(m 2. lit Ic’aves [M)sition 1, 

•and MI5(R') leiiv(*s jiosition 4, simultaneously. R4 has two positions, and R' one ])osition, 

' to advance, so that circuit 25 is estahlished a minute fraction of a second before R4 reaches 
position 2. 'this is iinjicrtant he(*ause, were it not so, the thousands ri'gister would be 
.wi’ongly set. 

26. Relay R26(IGR) energises. 

27. Relay R27(ASR) energises. 

,2H. Magnet M2S, regist(‘r RlO(K) (Fig. 115), energises in parallel with R27, hut not the 
ditfen'iitial relay •R26( I DR). RH)()6, moving out of position 0, shunts the 5-5 winding of 
IDRthy its a contact. 

26. Relay R26(H)R) energises. Relay K27(ASR) is maintained over circuit 27'. 

W hen R 160(1 reaches position 1, its a contact being open, R27(ASR) energises, hut 
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R29(IDR) is maintained eikoigised over circuit 29-27, so tliat RlOOO juoves from 0 to 1 
before any impulses •arc sent in. 

The Subscriber sends in the Thousands Impulses. first interruption, short, 
opens circuit 25, R25{ISR) ^Kig. 115) de-energises and o|;K‘ns ciivuit 27, R29(ll)R) de- 
energises. Relay R30(L'R.) diSiss not have time to eiuTgise. 

27', 28. RlOOO re-energises and mt)ves from ])ositioii 1 to 2. 

29. Relay R27(ASR) switelies in circuit 29. 'Fhe a (H)ntact of RlOOO is now closed 
until position 2 is reached. li)R and ASR are rendered ind('peiulent during th<i time of 
circuit 27. If th(‘ im])ulses sent in arc irregular in <diaract<*r the register is not, within limits, 
affected. 

Again th(^ a contact, shunts the 5*5 ohm winding of I DR, which cnergis(‘s and opens 
the circuit at 27". RlOOO therefore stops in ])osition 2, wlum R27{ASK) de-(‘n(‘rgist‘s. 
R29(1DK) is maintained ov(^r 27a, if R25(1SR) is still oi^ its ha<*k <’ontact. 

• The interruption c<‘ases, and R25(ISR) re energises, and R29(ll)R) dc (Miergisi^s, RUtOO 
remains in positioji 2 until the second interruption takes ])lac(‘, wlaai it ajul rt‘lay R27(ASR) 
re-energise as Ixdbrc ; then R2ft(lJ)R) leaves RlOOO in position 3, and so on until the eighth 
interruption. When this c(‘ases relay R25{ISR) re-energises and R lOOtt is moved into 
position 9. Relay R27(ASR) (h* energises, and R25(1SR) ('nergis(‘s. Xow conies tlu^ final 
long interruption, and ISR de-<‘nergises. 

30. Relay R30(L'R) energises. 

31. Relay R20{ A MR) energises. 

23. Magnet 1V123, se(tu( nee switch R4, energis<‘s aud mov('s to position (>. Ib'lay 
R2 ()(I(tIR) de-energis<‘s. 

Whilst R4 is moving the long interruption c(‘as(‘s, and circuit 25 is ri^-estahlislMHl. 
18R re-energises. R3t)(L'R) and R2o(AMR) d(‘-cnergis(^ 

Secpuaicc switch 114 stojis in position 0. 

2t). 'this circuit is again closed, and relay R20(I(1R) energis(‘s. 

27, 28, 29. Tlu‘S(‘ cinants are again estahlislual. 

32'. Relay R27(ASR) and register R100(M32') energise. 

Relay R27(ASR) is maintained over the a contact. \Vhia» RdOO r('ach(‘s position 1, 
relay R27(ASR) de-energises, and R29(II)R) (‘n<*rgi.ses. 'rims, RIOO is in jiosition 1 and 
R29(1I)R) eiKTgised before tlu' hundreds impulses arc sent. in. 

It will 1 k‘ assumed tliat the number being (*alled i.s 1,304, and that tJa* iirst digit has Ix^cn 
sent in, as just d(*scrib(*d, RlOOtt being in jiosition 9. In dialling the se(ton(i digit 3, RIOO 
is to be left in jiosition 7. As befor(‘ described, L'R energises in circuit 30, and on the last 
hundreds impulse R4 energises in circuit 23 and movers from position ti to 10. 

Scfiuence switch R4 in jiassing ov(‘r jiosition 7 comj>l(‘t(*s - 

'12. Magnet M32(R5) energises. 

33. Relay R33(K(1R) energis(*s. 

S(‘(pience swit(4i M32{R5) moves from jKisiti<m 1 to 3. R(4ay R33(F(JR) d(*-encrgis(^s. 

(Hreuit 20iso[)ened, and R20(IOR) (h*-cnergises, whilst M23(Rl) moves from jiosition 
6 to 7, thus bringing in a. uvw condition in the alarm cinmit. R4 arrives in jiosition 10 
before R5 reaches jiosition 3, so that the condition of the swilch(‘s is as follows 

Ml 5(R') is in position 5, M19(R;^) in |iositi<in 7, M23(R4) in jiosition 10, M28(IU000) 
in Jiosition 9, M32(R5) in position 3, M32' {Rl00)in jiosition 7. M57(R lO) is in jiosition 1. 

This is brought rfliout in the manner described for RIOO. 
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(If tli(‘ sccoud Jiad dcen 1), thru relay MOIl would omTgiso over /of RlOOO and e 
of IvlfK). This would s(‘t up new eondition^ to elioosc*, a special level foi’*operat()rs' lines, etc.) 

Wli(‘U se([nence switch 115 has passed jiosition 2 

2f. lU‘lays H2T(AIlt) and J\21{r()iJ) energise. 

25. HoldiTi^^ circuit for al)ov(\ 

(If the hnndr(‘ds dij^it had heen an even on(‘ th(‘s(‘ ndays would not have been energised, 
and Jl loo W'onld hav(‘ been in jjositions 0, 2, 4. (}. or H.) 

When s(*qu(‘nc(‘ switch 115 ]>ass(‘s ov(‘r ]){)sition 2 

20. I )itlcr(‘ntial relay 112ri(()L)U.) (‘lUTgises. 

27. Ilclay 1127(AS'iJ) (aiergist^s. 

2S. I(cgist(‘r If Kio (‘n('rgis(‘s. 

()I)If o])(‘ns its back contact so that. Il27(ASdl) d(‘ (‘laa-gises. aiul RlOO advances to 
))Osition S, and opens its lo(*a.l contact (L 

It will thus bes(‘(‘n that in dialling an odd hundr(‘ds digit , Ixd’on' tiu' impulse's are acti/ally 
tal«?n out, IMOO stands in th(‘ sanu' ]>osition as it w'ould if the ('Vcai digit Ix'lovv Jiad been 
dialled, but relays ATI and 1T)II n'main eiHTgised. 

When U' arri\i‘s in position 2 

20, Relays RIlK.hCTJl) and R2tt(()SR) energise. Cii'cuit 2t» tht'ii Ix'ing ojuaied, 
R20(OI )I1 ) d(‘-(‘nergis(\s. 

40. i\l 15(RI) move's out fnuu j)ositi(m 5 to (>. 

IN'r2 is so arranged that w hen llu' trip s])indle is in its home' ])()sit ion all its contacts 
areope'u, but in moving the bottom conta<*t permanently (‘loses, whilst its toj) contact closes 
from th(‘ tinu' it h'avc's a. jiosition and belon* it coni])let(‘s one stej>. 

S(‘<pience switch M 15(11') in jiosition 0:-- 

4 1. Brush choos(‘i’ iM41(R2) (‘uergise's and in moving clos('s- 

42. By IN4'2 connecting earth to circuit- 2t> relay R2t)((.)Sll) is short -circuiti'd, and 
d(‘-eri(‘rgis(‘s. 

20, 27, 2S an' r('-(‘stablished. R27(AS'R-) encrgisiNs. 

42. R lot) (‘iiergisi's and movt's from jiosition H to 0 and, in so doing, shunts the 5-5 ohm 
w irrding of ()l )I1. 

44. 01)11. energises, and is maintained over circuit 42. 

When II lot) r(‘ach(‘s jio.sition 0 R27(AS'R.) d(‘-('n(*rgis(‘s, it Jiaving maintained itself, after 
()T)R ('lU'igisc'd, (wer circuit 44 (that is, the a contact of RlOt)). If R20((>SI1) is still on its 
back conta(;t ll,2(i(( ) 1)11 ) maintains itsc'lf ov(U’ circuit 2t), so that RlOt) cannot make another 
step until R20(()SI1) d('-energises. This it- dot's wht'U M4I(B2) is making one stt'j), ojieiiing 
cii’cuit 41 and nunoving the short circuit on 1120. thus allowing it to rc-energise over circuit 20. 
R2()(()I)R) (!(' energis('s. 

Now brush clujoser B2 makes anotlu'r stc'j) and R20(()SR) again de-t'iu'rgist^s, RlOO and 
B-27(AS'R) energise, and, as before, R2(>(OI)R). Ih'fore 1^2 comj)let-(‘s its sc'cond stoji the 
short circuit of OSIl is reinovt'd. and it re-('nergis(‘s, causing R2(»(()I)R) to de-eruTgise. 

RlOO arrives at ])osition 0. 

45. IMOOO (‘lu'igisc's and juoves to jiosition 0. 

4(i. Sc^qiH'iuv sw'it(‘h ]\122(R5) and rc'lay R22(F(1R) energise, the former moving from 
position 2 to 4. and the latter ojiening circuit 20, t hus di>-energising RRIO(OLR). The brush 
chooser M4 1 ( B2) caisnot mak(' any juore st(‘j)s. R5 moving oiit of [losition 2, relay R20(OSR) 
cannot re (ui('rgis(', and tlu' rc'gister cannot make any more stejis at j:)resentji 
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47. Contact Y* of Ko (>)h»i and d(‘-(Mi(*roiMHl. 

48. SoqiUMico s\vi\ch Mir)(U/) energises aial ni*>vcs from positmn <’» to 7. 

4U. llelay jvlll()((JLlv) rc-cnoroisos. 

r>0. First sol(‘(*tor hrusli i<aiTia^(‘ M.‘)0(JM1) t‘ncr^ist‘s and rotates. FIk' trip spindle or 
brivsJi e}u)os(*r makes the hrus’nes of the stM'ond li‘V(d operative, so that Fti hunts ov<‘r the 
secontl iev(d for an idk' trunk. R1i2((;T'1v) le-ts, as before, but o\(T brush RK. If all the. 
trunks are busy R(f will eontimu' to Inmt until an idle line is lound. 

r>l. ,lM2((rr'lt) en(‘rj;is(*s, in s(‘ric‘s with RoltKQit) (h^i,i^- 11-1) ri'sistanee. lt.)2 in 
])arallel. Iiril doi'.s not enei'^ise. 

52. Parallel eiiTuiit ov(‘r 1152. 

5:5. Circuit throuLdi s(‘eond windin^^ over which opens when the bruslics of 

are scuiare on the ti^rminals. 

54. IM4((Tr2lt) energises, and Rt J de-(mergis»‘s. 

^55. SS M 1 5(R/) eiuTgises. 

5(>. Cirsi s('lee.tor holding magnet cnergisis in parallel witli It. R luov'cs 

from ]>osition 7 to It, and IKJ de en(‘rgises. 

Thv subseril)(‘r having dialled ti (tlie third digit), circuit 25 is interrn]>l(‘d as before. 

57. E\t(‘nsion of circuit 27 through M57(IMU). IMO steps into position 4. R27(ASR) 
energis(‘s in jiarallel (in a. mantuM’ similar to that deserib(‘d in connection with IMOUb and 
RlOO). 

Helbrc the units ar(‘ s(‘nt in M23( IM) steps to 12, and M57'(RC) to position 1. 

When the units imimlses'are completed K-C is left in <» and lU move's to position Iti. 

57'. Ciiits register RC(M''>'') <‘Jiergises, o\ er circuit 27, will) ASlt in paralk'I, and 
R2(i(JCR) tie ('nergises. 

Seitueiu'c swit eh IM jiasscs position 15 a, ml Hi. 

55. It5 moves from jiosition t to 5. R:U(V()R) and R:U'(Allt) remain energised. 

R23(CGR) emagises while R.5 is passing from position 4 to 5. 'this is done' to ju'i'Vtait 
Jt5t)(FLlv) energising too soon. 

SettutMici' switch R5 in ])ositioTi 5 : — 

5tt. R:{‘t(()SR) and R5t»(CLR) energise. 

()0. SS Iv2 eiK'i’gises and moves from ])osition I to 2. 

01. Brush chooser M01(R2) of linal switch (Fig. 1 14) energiM-s and make's six steeps, in a 
inanne'r similar to the comuK-ting cire'uit ,M41(R2). Re'gistei’ IMO is stepped to tt 

As soon as RlO ivaelu's 0 re'lay R.22( F( Hi ) and R5 e-ncrgi.se. anel B:i‘)(()SI;; eh' e'liea-gises, 
as bcleire, so that wlie'ii the iinal brush e heM>ser J^2 has maele its reepnsitc number of steps it 
caimeit re-eaie*rgise until it has to be* se'ut to ne)rmal at a late'i peiiod. 

Register RHt in posit ieai 0. 

(12. M;i2( R5) ene'i-gise's and move's freiin positiem 5 le» 7. 

03. R33(F(JRv)alsoe'tu'rgise‘s, partly over circuit (>2. (5re'uit 3tt is eipe'iicA, ami R30(OSR) 
de-eru'rgises. Wlu'n the linal switch magm't M0I(R2) is at rest and l\12 eipen, R.)!t(IMjlv) 
di^-eiu'rgises. 

04. R 34 (U()R) anel R34'(Ain) re-main ene'rgiseel. . ..* _ 

05. M00(R2) eiu'rgise's ami meivi's fremi pe)sitie»n 2 te) 5. Whe-n M32(lv^5) le'tt peisitiein 5 
relay R33(PGR) ele -ene^rgiseel ami rbstore'.d circuit 50. so that R3<)(()SR) and R50(FJ..R) 
re-encrgiseel. 

M32( R5) sta^ted to move from pejsitiem 5 to 7 (two pe)sitiems) bedeirc M0()(R2) me)ved. It 
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is ohvious, thcTofore, tliat 115 is in 7 before J12 readies 5. Thiftunisures that the hnal brush 
carriage does not start to move liefore Mo! is ready for it. 1159(^1 Jl) is re-energised before 
It 2 rea(*h(*s 5. so tliat th(‘ latter cannot overstep. 

()(). J*artly over 59. INTI closes between the stejis, and opens when the trip])ed final 
lirush is fully on tin* liiu' terminals. It acts in a manner sinnUar to G1N1' and 1NT2. 

r>7. AVlu'n MiiO(K2) r(‘adi(‘s 5 the final brush carriage M()7(P1) (mergises and makes one 
stej), its l>rush(‘s b(‘ing trijifxd by the brush ehoos(‘r, and in so doing estaMishes circuit (10 
to shojt-carcuit 1199(0811), whi(di tluai dc^-eiuTgises. 

hS. J197(ASMI) energises. JvU energises and makes one st(‘]). K9G(()DR) energises as 

described foi* 1NT2. Tinal magnet M<)7(JM ) compkding oik^ st(‘p, opens circuit GO. lv39(()8R) 
energis(‘s, R90(()J)R) and R97(AS'lx) de-caiergise. M(>7(PJ) makes another step, and so on, 
until it lias mad(‘ six st(‘j)s, wlaai Rr(]Vl57) reaches the normal or 0 position. 

Jf tlie hundnals digit had been even, 1194(0011) aial li94'(A I R) would not hav^e been 
energised. f 

09. Itr (‘laagises and moves out of 0. TOR prevent(‘d R5 from moving out of 7, when 
thg units registt']' iirst canu* to position t), because its back contaid is o])en. 1199 could not, 
therefore, re-en(‘rgis(‘ and oju'n circuit 59, to stop Mt>7(JM). In c(>nsequenc(‘ 110 lias to make 
ten steps, from 0 to 0, M(J7(Pl) also making t(ai st(‘j)s. This brings the brush ('arriage over 
to th(‘ odd Imndreds side ol' 1h(‘ iinal switch. If th(‘ hundieds digit iiad been 2 (units 4) Rl^ 
and Rl would make only six st(^])s, but, t he digit beang 9 (units 4). RO and Pi each made 
10 ste[)s. 

Wh(‘n JIO left 0, in st(‘pj)ing out. tli(‘ additional \() impulse's it oj)eneel circuit 04 at 
contact (I of no, so that R94 and 94' d(*-(*nergise. W hen 110 rea(*b(‘d 0 for the* sex'ond time 
JN'ri (Iinal) causeal 1199(0811) to di'-energise. 

70. 0<)mpl<‘t(‘d over OS. M92(I15) and 1199(^011) eiuagise'. FP(^ pn'veaits th(‘ r(‘- 
energisation of 1199(0811), and, asM<i7(Rl) has its tri])[)<Ml bruslu's s({uarcly on the liiu* 
terminals, NTl ojiens circuit (Mi and 1159 ( FLU) energisc's. 

88 M92(I15) moves out of jiosition 7 and, after passing position S, ojxais circuit 59, so 
that R59 cannot re eneTgise from the register. 

SeepH'iice switch M 15(10) is now in position 9. 

8e([U(‘nce switch M(i()(ll2) is now in position 5 (ready to move w lum FLU d(‘-eiiergises). 

8e(picnce switch M92(U5) moving out of position 7 to S. 

8e(picnce switch M29(R4) on j)osition Mi. 

Legist ers 111099. 11199, R19 and HIT are all in ()osition 9. 

05. Relay R59(V'LU) de-energises, and ]\1()9(R2) energises, and move's from ])osition 
5 to 0, U51(FQI1) eneigises. 

71. Magnet H(M7l) energises. 

72. 112 ill position 0 causes R59(FLR) to energise. 

09. I12(M09) moves out of 0 toAvards position 19. Magnet M 71(H) de (*nergises. 

88 R5(jM 92) has passed jiosition 9, so tliat circuit 49 is opened, and relay RR19((J1LR) 
de-eiKTgises. 

79. I1'(]MI5) energises and moves to position 19. 

74. 11' is again energised and niov<*s to position 11. II' leaving position 9. opens circuit 
25, Uiid .1125(1811) de energisf's, 

75. 88 R4(M 29 ) energises and moves to position 1 7. When 1.14 kdt position 1 9, R20(IGR) 
de-energised, so that when R5 reached position IS and R14 rt'aehed 17— • 



AUTOMATIC TELEPHONE SYSTEMS 


159 


70. 115 energises and moves to position 1. K:i:i(F(ilR) also energises, partly over the 
same eircuit, but ei^^ets no alteration. > 

77. ]120(A]MII) energises and closes einaiil 23, so that Rt energis(‘s and moves to posi- 
tion 1. AMR dtventugises. « 

, The register is freed and made available for anotluT call. 

IH. (lotK'UiTentlv with th(‘ abovi* Ml5(H'). in passing ])osition Rb causes rtday R18(S R ) 
to r('-energise. .iR2(Mt)t)) is also moving from ])osition t*> to Itt After passing 7, Roh(lLR) 
de-energises, R12(GT'R.) and R l4((rr2R.) also de enca-gise. R2, in position H. causes 
R7S(FT'R) to test the line on which the final-switch brushes rest. 

Condition 1.- Thv ralhd suh-'<rrihf'r's line vUv. 

7H. R7H(F'r'R) energises. 

.7h. R7n(KT2R) eiuTgiscs. 

50. vSS R2(M(I0) moves to ]K)sition 15. 

51. Ringing curnait is s(‘nt ovcm* the calhsl line. 

52. 1 nterru])t(M‘ W2 causes J^'LR to re-cuiergise. 

GO. R.2(M()0) en(‘rgis(‘s and moves to position 13. 
lntcrrui)ter \V2 o})ens circuit S2, and R5‘)(FLR) d(‘-encrgiscs. 

53. 1 nterrupt'('r V\ 3 caus(‘s l lAt to re (^i)(*rgis('. and R2 mov(*s to position 14. \\ 3 

opens circuit S3, and FLH dc cncrgis(‘s 

54. With R2 in position 14, interrupted ringing current is sent over the called line. 

55. R2 in position 12 to 14. Ringing tone is givcui to th(‘ calling subsu’ibcr to indi('ate 
that tlic calhsl ])artv is being rung. WIkmi R2 is in 12, circuit til is c()mj)leted, and the brush 
chooser MGl(R2) is ndurned to normal. 

S4. Th(‘ calhsl subscriber, answering, increases the current in tlu‘ line, and relay 
RSl(RCR) energises. 

Sti. Ry eiuTgises and luoxe^ to position 15, and ringing tom* is cut otf. Tlie <*alled line 
is extended to the calling line over S5'. 

S7. Relay RS7(S2lC) energisi's. 

SH. M15(R') energises and m(»ves to position 12. The talking circuit is caunpleted, 
R' is in ])osition 12. R2 is in position 15. 

]f the. railed part}/ is the first to reptace the receiver, circuit S7 is optMU-d, and RS7(S2R/) 

do -energises. - 

73. M15(R') energises ami moves to ptjsition 13. Circuit oi is opciu'd. and Rol (IQK) 

de-energises. 

SG. MG0(R2) (‘uergises and move.s to p«)sition 17. R2 is eonms'Usl to circuit t)5 and 
inovt^s to [)osition 18. When R2 passes ])osition 17, relays FT'R and FT2R de-cnergise. 

GO. Wlien R2 reaches position IS the brush carriage magiuG MG7{IM) energises and 
returns to its normal position. In passing th(‘ rollers the bruslas arc relatched. 

Gl. P' in normal jjosition (anises relay FIdi to eiUTgist*. 

G2. M()0(R2) eiKU'gises and mov(‘s to position I. 

G3. Magnet M71(H) en('rgis(‘s in parallel with MG0(R2). R2 in position I, ivlay 
R5G(FLR) and holding magnet M71(H) de (Mim-gise, so that the final switch is now fr(H‘. 

The mlling sulfscriher clears. ^ ^ ^ 

rircuit IS being opened, RlH(S'R') di^-energiscs, then circuit S7 being opoimd, RS7^S2R') 

de-energises. 

4S. i\115(R') (umrgisc^s and moves to position 17. 
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!*4. P(i(Mr>(i) cticr^isi's imd moves iiilo its normal position. .rescttinp the brushes as it 
passes the roller. . ' 

Df). When tli(‘ brnsli earriaL^i* reaehe.s tlu* lionn* position in4((»T2Jv) enerois(‘s. P(i(MoO) 
(le- energises. / 

<)(>. U' (‘luajiises and moves to jiosition JS. u 

h7. Mr)(i(H(;) (‘iu‘rois(‘s. PI and JKJ now d(‘-(‘ner^ise. 

WIkmi \V lefl position \:\ and n'aehed M, eireiiit I7 was dian^a'd over ^o eireiiit 17" at 
contaet 0. Ivl7'(L(1J) deaaierjj^ises alt(T IP leaves jiosition la, so that for two ])osi1ions of 

( 1 t and la) !Mi volts wviv a|)(>lii‘d to P 17"(SM), eausin^^ it to met(‘r the ekll. 

JM la(P') is in jiosition IS and cannot na-eive a fresh call in this jiosition. Its eom])anion 
cord is in jiosition 1, se(‘ iiisi't (Pi^. 11<») on sanu^ sheet, and when this tal<(‘s a. call and its 
P:{ moves out ovrr jiosition 1. etc., it eonijih‘t(‘s the following eirenit : — 
t)S. IP‘i(PllS) enerj^ises and moves from jiosition 7 to 10. 

1)0. It:i in Jiosition 0.^, liS7(S2P') ivaaHT^ises. 

100. Mla(P/) r(‘ em‘rjj,is(‘s and moves to jiosition I. In this j)ositi<in it may take a call, 
S2P' liein^ de eiua’^dsc'd. 

Wlum W left jiosition lo, eirenit 17" was ojien(‘d. so that P17((4)P,), ]:i7"(SM) and 
PP17(Lll'P) <1(‘ emM’^dsed. Thus P' eannot return to jiosition 1 unless its eonijianion eonl 
has tak(‘n a eall, and is liusv . 

(Condition 2. VV/^' vnllnt(j suf^scriher r/iYos /o-sV. 

The ojiiM'ations are as deserilied as far as jMir»(Pv') is eonei'i’ned, exeejit that, eirmiit ol 
h(‘inji: ojien(‘d w lien P2 is in position la. PopFQP) de eiHT^dses and eaiisi's P2 tomov(‘ to 17. 

101. Pr»0(hd.P) re-(‘n(‘ry»ises. 

102. l^amj) AP ^dows. Until th<‘ ealleil sidiseriher el(‘ars this laniji eoidimu'S to ^low , 
th(‘ tinal switch testing Inisy. Wlaai the sidiseriher does (*](‘ar PoO(PLP) d(' enereisi^s, 
causing the tinal sv\iteh to ^o to jiosition 1, as ladon'. 

Condition 3. The ralhd snhscrlhrr docs not irjfh/ 

4di(‘ calling sidiseriher eleais when P' is in jiosition I 1 and P2 in 14. eirenit JS is ojien, 
causing P1S(S4P) to de (‘inaeise. 
lo;{. P lo:{(N]MP) enerj»is('s. 

104. Jloldin^ eijcnit for NiMP. Circuit 17 is ojiened. and ]M 7(( 't)P ), in7'(L('P), and 
Jtl{i7(PirP0 de-(‘ner*iis(\ freian;^ thelirst liiie-rmder without eausino meteiine. 

lor>, IP moves to jiosition 17. and Jno:{(XM P) de-enmjj^isi's. THpiMriti) moves lionu* 
over eirenit 1)4. 1^ 1 l((JT2P) tiieii mierj^ises over circuit 1)‘>, and tlie eonneetion is cleared, as 

hefore deserihi'd. 

Condition 4. — 77;e colled sohscrlhcr is hostj. 

Alla (P') is in jiosition 1 1, and Mti0(P2) is moving from jiosition (J to 10, ovei’ eireuit, tio. 
\V2 in S tests the lim*, hut Pi7S(PT'l{) does not miergise over eireuit 7S ; eonsiKpiently when 
K2 reaeh(‘s 10 it ceases to move, and husy tone is j»;iven to tlu' caller ov(‘r circuit lOti 
and So. 

Kow wIuMi the caller rejilaees the receiver tin* clearing is similar to that deserilied for 
condition 3, exeefV that 112 is in jiosition 10 instead of 14. 

ir jiassing 12, Pril(PQP) de-energis(‘s. andP2moves to jiosition 11, over circuit SD. 
DO. Pi returns to normal. 

DI. With 112 in 11 and Pi in home jiosition, FLP (‘lUTgises. 
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92, 93. H and R2 eiu^giso, the latter moving from position 11 to 12. H and FLU 
de-energise when Ri leaves 11. , 

With R2 in position 12 P2 returns to normal. 

S9. R2 continues to mo 4 "t‘ to j)osition 17, and in position 17 switches in circuit (m and 
moves to position IS,* • 

In position IS FljR re-energises over circuit 91. U2 moves frofu ])osition IS to 1 over 
circuit ()6, whei^FLR de-cmergises and frees th(‘ Hnal svvitcli. 

Several circuits on th(‘ diagram hav(‘ not heen described. 'These an* ])rovid(*d in con 
nection with prertfature release* conditions, dialling sp(‘cial l(‘V(*ls. etc., and it isthougld can 
be readily traced. 


Section 56 

EXPLANATION OF W. E. (X). SYMBOL.S USED IN ROTARY SYSTEM 
DIAGRAMS (Kift. 117), AND NUMBERING OF THE SWITCH-BANKS. 

R represent^ th(* niagiH‘tic clutcli of a sc(|ucnce switch, ov tla* se(pi(‘nc(* switch it.si‘lf. 
The R is son)etiin(*s sutlixcd with a. l(*tt(‘r or a nunib(*r to distinguish the ditjerent se(|uenc<‘ 
switclies us(*d in the same | .irt of a circuit, as for iustaiua*. lUL R R. R 1. etc. 

A n*])rcsents the “ A ' cotdact of tlu* s(*<jU('nce switch and tin* numbers shown above 
the lev(*r X Jirc tlu* sfopplnij positions in which tin* " A contact is o[)(‘n. that is, llu'n* is 
no contact ludaveen the l(‘V(‘r X- - 
and tlu* spring V. 

A sc([Ucn(a* switch has IS 
}>ositions at an etpial dista.n(;e of 

20 d(‘gn*cs apart. ^ 

The normal or ‘"rest" position 
is 1, and when R starts out Iroiu I , 
it- closes tlu* “ A ’ contact ini 
niodia.t(*ly after starting (from 
3 degrees to 4 degrees) and remains 
(dosed until it apjiroaches t he next 
stopping position, and 2i (h‘gri'<*s 
to 4 dt*grees bedon* tlu* actual jmsi- 
tion reached, the contact opcais ; 

3 d(^gre(*s to 4 degrees aft(*r stai t ing 
from position 1, A ' contact 
closes and remains closed until 

21 (h*gr(H* to 4 degrec^s before ])osi- 
tioii 2 is reached, then if start (*d 
out from position 2 R closes again its^ A ' contact and it r(‘mains clos(*d in positions 3^and 
4, and opens only just before position a is rea(di(*d, etc. 

A register isceiireserited with the same symbol as the secjnence svritch R suffixed with 

A.T.S. 
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a nuinl)(‘r (*()m‘Sf)()iKliu^ to f hr it controls, as for instance, K iOOO controls the thousands 
digit, UKM) controls the lmndr(‘ds digit, etc. The A eojitaet of a register is named with a 
srnal! leltei* " a, " all otlaa* (‘ontacts an* nanusl with the small letters “ )),*' “ c,'’ etc. 

Ji n‘pr(‘s(‘nts on(‘ of th(‘ IS sets nf (‘ontaets (other than “ A") of a. seqnema* switch, 

which an‘ nanusl hy the hdters from JJ to S. 

'rh(‘ moviijg s])ring may make contact cither with s])ring X or Z. 

The mimh(‘rs above X sliou the })o.sitions in which then' is contact between Y ai;d X 

and those Ix'low Z sh(>\\ tiu' jX'^ition \\\ which Y makes contact with Z. A contaid closes 

10 degree^ hid'orc the actual jjosition and opens 7 degrees aft('r th(‘ ])ositi()h, as for instance, 
if a corOact is clos(‘rl in [xjsition I, it has he<'n cIcKSC'd alrc'adv it) degn'es before tlu' s('quen(;{‘ 
switch rcaclu'd [)osition In. and will nanain closed until 7 (legn'cs aftc'r j)osition 1 is left. 
A contact might hi' clos(‘d in mon* than onc' position, as shown for tlu* lower “ ]> " contact. 
whi(di closes 10 d(‘gr{'('s beiorc position 4. and remains c.losi'd until 7 degnes aftcT [lositioii 5. 
that is, it is elosi'd in 4 an<l 5 or 4 plus .7. In th(' drawings, all tlu' contacts iK'longing to a 
(Certain se<|uen<*(‘ switch, with aO the apparatus umh'r its control, are s('])arate(l with dottei.! 

lilK'S. 

repr('s('n(s the wiialing ot the magnetic clutch of th(' trip spindle of a. group switcdi 
and tinal si'lectoi’, or t Ik' ti’ip spindle itsi>if, 

IX'r2 rcfin'si'iits the trip spindk' interrupt('r. When tIu' trij) sj)indl(‘ (Pi*) is in its 
hotfic posit i{»n. th(' <‘ontaets Z, \V, ari' open, as soon as the' hottn ]>osition is k'ft Y and Z 
make contact gnd rc'ma in closed until 1*2 rc't uiais again to its //o/ai' position. Kachlime 1*2 
mak('s a step. W tou<*hes Z (w Inch is itself closi'd upon Y ), w lu'n \ is on t la* top of tin' toot h. 

I’ I n'pr('S<‘nls tlu' winding of the magm'tie clut(‘h of tlu' brush carriagi' of a group switcli 
and linal selector, or the brush (*arriage its(4f. 

(tINT rejuesents t he int(‘riupt('r (‘(Uitaet of th(' brush (‘airiagt* of a group sw itch. Wlu'U 
the brush carriagi' (1*1) rotati'S. X maki's contact with th<‘ top of a. tooth of tlu' toothed rack 
Y, when the bruslu's are ci'iitred ujion the corresponding U'rminals. theri' is no contact 
bi'twi'cn X and Wla'ii thi' brush carriagi' is in its howv jiosition. X n'sts ui)on the Aou/r 
contact Z 

The interiupt('r contact (iINT is sometimes called 1N4’1. 

IXTl r<‘|)j*esents the brush carnagt' interrupter contact of a linal selector. 

When the brush carriage' rotates, <*ach time' Z is on the top of a tooth ot the toothed 
i’a,ck W. X and make contact, and w lu'n the brush carriage is in its /mz/u' j)osition, Z rests 
Ujjon th(‘ honu' contact \‘. Then' is no eonlact between X and when the biushes are 
(•('iitre'd upon the te'rminals. 

y rej)rescnts a set of thn't* brushi's. Y. W ed a brush carriage of a group switch or 
linal st'lcetor. and a sc't of t hi-ee' te'rminals. X, X', X", of a terminal arc. 

11 rejrresi'uts the winding of a holding magnet of any switch. 11 is seaiu'times sullixed 
with a. letter, as for instanci', HF, etc. 

1*F n'piesents the winding of the' magnetic clutch of a liiu' lindcr. or tlu' line' {iudc'i* itself. 

FINT r'cpn'si'nts aai intt'iTupter contact of a line finde'r. When the brush (airriage 
rotates, the inter'ru])t(‘r X m.aki's contact with th(' tootlu'd rack (*acli time X is u]K)n the 
top of a tooth, \vh(‘n the brushes an* centred ujron the coiTi'sponding tei'minals, thei'e is no 
contact betwei'ii X and 

12 ret)res('nts a set of four brushes, V, Y', Y", Y'", a liru* tinder and a set of foui 
terminals, X, X', X", X'", of an are. 
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Tkk tTMBj:RiX(4 OF TfiF SWITC H ARCS is as sljown in tlu‘ lablo holow : 

Arrs t>r 




Hrvel 1 st- ( Ji-. S\v. 

2it4i ( o‘. 

Sw. 

:0‘4l ( o‘. Su . 

(Top) 1 


lteeor(hn^^(n) 

lO.tMiO to 

1 1 .litMt 

lO.OtMi to HMOti 

2 


in.ntm to ih.ntin 



1 l,(Hi 0 to n,J0t> 

2 


2n,nnti to 2n.ni>n 

12 0(M» to 

12.ti00 

Hi.200 to I0,2t)!i 

4 


2n,nnn to 2 n,!)nn 



1 l,20(i to 1 l.2tt0 

7 


4n.(inu to 4n,‘MM) 

14.000 to 

17.0t(0 

10,400 to I0,7t)0 

() 


*7o,nnn to ah.nnn 



1 1,400 to 1 l,7t|0 

7 


(in.titio to nn.tMM) 

M>,(i\;0 to 

17.0ti!i 

Hi,(i00 to Hi, 70!) 

S 


7n,nn(i to 7n,‘)‘in 



1 l.(i00 to 1 1.70!) 

n 


sthotio to sn.nnn 

IS.OOti ti> 

lO.ttttti 

10. son to 10,!)!)!) 

• in 


Infoi ination h 



1 1 .son to 1 1 .!)00 

^ Th(‘ arc* of the tinal sC“leetors is numherial as shcwvn in the* 

talde h(4ow 



Final Ai 

<•. 




[jV\ <*1 

1 si. Half. 


2h<l Halt. 

(Top 

1 

in, non to 

Hi.OOO 


10,100 to 10.100 


2 

in,ninto 

Hi,0l0 


10,1 10 to lO.l 1!) 


i> 

Jn,n2(i to 

Hi.ti20 


10 120 to 10. 1 20 


4 

in,(i2nto 

H»,020 


10,120 to 10.12!) 


7 

10,040 to 

lO.OIti 


10.140 to 10,14!) 


(i 

* 10,070 to 

10.070 


10,170 to l0,T*!7ti 


i 

10,000 to 

10, (Mitt 


lO.HiO to 10, Hi!) 


s 

10,070 to 

10.07‘i 


10,170 to 10.17!) 


<1 

HhOSOto 

lo.oso 


10,1SO lo 10. HS!) 


Hi 

Hi,000t(> 

lO.OOti 


lOjOO lo 10. 1!)!) 


HcncT*il is sc.‘(‘ii that tlio ('veii hniidrcds nnnilK^is arc (‘OiUHat cd to 1 Ih‘ lirsl hall' of the 
t(T?ninal arc and the' o<ld Jnmdi’CHls nund)crs in the sc^cond hall, aial tiaacdorc* to (‘hoos(* lh(‘ 
units of an odd InindrcMls cunnhea*, the* l)nislc cairiauc will ha\a* to make in mon' steps than 
lor tli(* sani(‘ unit nuinher of t he even InindrcMl 

Ihmetions of the sender of the suhserilier s set • 

'The dial of the semler is nnmhen'd from (F 1 . . . in a < IcK'ku i>e dir(‘et ion, and 
svhen the dial is oj)erated, it prodiu'cs on its return t(» normal mtei rnpt ions <>1 the eii’enit. 

Itelation hetweiai dibits dialled and stcjipini: of machines: — 

1’h<‘ lahle helow tli(‘ relation hetwecai the di;;it dialletl and the stepping of 

Liiael lines. 

i) n I (i i I I I II 

• J S I !t :> I 1 2 1’ 12 

2 7 I S ’> •» a d I 

B (i I 7 t 2 2 4 4 II 

4 1 n r> ,7 .) t) o 1.) 

r, * 4 1 r. (') 7 7 (> t;^ ir» 

0 2 l 4^ 7 7 7 S 7 17 

7 2 I ^ 2 * S 7 7 S ^ S IS 

s I 1*2 n t» 1» in h ih 
^ f) 1 1 in n n in in 2 n 
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Section 57 

THE WESTERN ELECTRIC CO.’S “ ROTARY ” AUTOMATIC TELEPHONE SYSTEM 

FOR 100,000 LINES (Figs. 118- 124 i'nclu%lve) 

* 

'Fho circuits arc numbcn^d as follow^ ; - 

1. Wlicn the receiver is lifted to call the line relay R/ (Fig. IIS) energis^'S. 

2 . The starling relays ((’R) R2. R2' energise. 

I’^ie jxitential is raised at the te.st terminal T) on th(‘ hrst line-finder are of the 

grou|). 

4. All ])o\v(T magnets (J'K) M4 of idle hrst-line tindca's (Fig. 1 Ih) are energised to hunt 
for tin* calling line ; IM eni’rgises. 

o. Tlui line find(‘r \vhos(‘ l)rnsh(‘s lir.st reach the calling line extends cire'uit 3 Irom 
terminal J), so that (LTdi) Ro energises. 

(i. Ro holding (areuit , through FI XT. 

7. Wluai the hruslu's an* <*enired on tiu* terminals, the interruptia' F1N4' ojiens. and 
(LT2R)R7 energises, (^ireuit 4 is opimed and magnet M4 de-energises. 

5. Holding magnet (H)Ms eiuTgises to facilitates the stoppage of the brush isarriage in a 
centred position em the* terminals of tia* calling line. Relays RS. R8'((dF) en(*rgi.se. 

1). A }»arallel circuit to H to raise* the* pot(.*ntiaJ eif the t(*st terminal H. 

10. ShouleJ. it Iiap])en that all the (irst line* tinel(*rs are* busy, all eireuits 4 will be o])cn, 
anel R4 w'ill neit e*ne‘rgise, anel lamj) Avill gleivv. This inelie'ates that the*re* are nei available 
line* 1in(le*rs. 

Sheiuld the* brushe-s eif two line* tinde*rs n‘aeh the* terminals of the* eailing line* siiuul- 
tane'ously, anel both 115 ivlays energise*, both R7’s tlmii (‘iie’rgise* anel lovve*r the* ])otential on 
terminal D, anel the Rb's atte*m])t tei re‘k‘ase. If eine* Rr> re‘lease‘s b(*fon* the* othe*r. the* latte*r 
will h(4el with the incre'ase*el eairreait. Jf beith ele-e‘ne‘rgise, then the* line* will be* take*n by any 
othe*r line* finele*r. 

Second Line-tindcr (Fig. 120). 

11. When Rs anel RS' ene*rgise'el the*Y completeHl a circuit in whii*h Rir((tR) and 
R ll((lldl) (*nergise. 

12. Reiwer magnet iMl2(rF) of tlie se*ee)nd line tinders en(‘rgise*s ove*r seapienee sw'itch 
contact 111, and the bru.sli earriage*s of all idle secemel line tinelers rotate*. 

13. 'Fhe second tineh*r t hat. first, reaches the t(*rminals of the bu.sy first tinder extenels the 
' circuit 0 from terminal H, and R13(HT'R) euiergises over CH -)- 3 of R'(]\1 Hi) and BO 10 of 

R3(]V124). 

14. Ihiralled circuit through FI XT tei lower poieudial at t(*rminal H tei make it busy to 
all either hunting se'cond finder.s. 

15. When the brushes eif tlie secemd tinder are e-entreel, FINT ope*ns and R15((1T2R) 
energises. (Mre*uit 12 is oiiened anel 1V112 de-energises. 

Hi. Se*epience swatch MH>(R') eimrgises over (U. MIO starts out from peisitioii 1. 

1 7. Holding magnet Ml7( HF) energises over R R|-2 in jiarallel w ith Ml 0. M 17 facilitates 
the st.op}>agc of the brush carriage with the brushes jire^perly centred on the terminals. 

18. MR) immeeJiately cleises its local contact to make its energisation independent of. 
the energising circuit 10 w hich is o})cned at Cl after position 1. 

After position 2, contact SI 4 2 opens circuit 11 and Rll de-energised. 
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19. Ml() iiuposition doses 03 -|-13 and K19(C()R), R19'{LH'R) and R19''(GSR) energise. 
The meter SM does not energise. Circuit 1 i.*;^ opened and tht‘ lin(‘ n^lay R' de-energises. 
Circuit 4 is opencfl to d(‘-energise all hunting first (inders. Circuit 7 is opened and R5 and 
R7 de-energise. Befove JtT de-energised RH)' had already d(‘-energij?ed, so that the power 
magnet could not re-en(‘rgi}?c, altliough th(‘ !\2 ndays are again energist‘d hy another line 
relay of the same grouj). 

Circuit ITf is opened and R13, R.15, MS and Rs' d(‘-ei]ergise. (Jireuit 1 1 is opened and 
Rll de-i‘nergise^ (of all the second lumtiiig tinders). Circuit 12 is opcaied and Ml 2 tle- 
energises and all brush carriages cease to rebate. • 

Tf no connecting circuits (Fig. 129) are available for tht‘ furthi'r t‘.\tension of the con- 
nection Rll '((JR) will not energise. 

. 20. Lain]) CJL glows to indicate that no <*onnec,ting circuits arc available. 

21. R21((JNU) energises. 

• 22. R22(S'R') cnergis('s over L2 -|- 4 and J3 t. 

When sequence switch i\rU)(R') arrives in jiosition 4 and opiuis its A contact, it becomes 
de-cnergised and ceases to rotate. 

* Should the brushes of two second finders r(‘ai*h th(‘ terminals of the first finder simul- 
taneously, and both Rl3 relays eiKU'gise, the ]>oteiitial of terminal H will lx* lowered so that 
both relays eannot nunain energised after MIO left position I and opened its II eontaet. 
The Rl3’s, and tluai th(‘ Itla's will (ie energise. 

22'. When MIO parses position 2, both relays R22'(XMR) onergise.^vnd prewuint the 
energisation of Rlt>", when scqueiaa* switch MlO r<‘aeh(‘.s position 3, so that th(‘ calling line 
is not made busy until seize<i hy another second finder. 

23. Holding circuit of R22'(NMR) over 03 i- 13. 

The sc([uence switches of the two eomu'cting circuits ret urn to normal, as w'ill lx‘ des(;rihed 
lat/cr. , 

Sequence Switch M24(R3) hunting for an Idle Register (Fig. 120). — 21. Si qutuice 
switch Mlf)(R') in jiosition 4. M24 energises ov(‘r scqncm*e contact. 1)4, also J4 of Mlfi, and 

B9 -f 10 of M24. and starts Jiunting ibr an idle regisbu-. 

25. If th(' rcgisl(T c<)n!icctcd in position 1 is five then, w Ihmi M2t |)ass('s ])ositiou I 2, 
R25(AMR) and IU3((>'1''R) energise oY(‘r Bl j 2 of (M of l\121, 1*4 [ 5 of MlO, and 
B J of M24. Circuit 15 is again completed and Rir> energises, thus lowi'riug the ])()teutial at 
contact C, and jnabing the register immediately busy to otluT seqiuMice switches M24. 
IMT) o])cns the energising circuit ol .M24, hut it continues to rotate over its local contact A. 

2(). When M24 arri\ es in jiosition I after having oj)ene<l H I and closed 111, MIO enciw- 
giscs over Bl of M24 and advances to jiosition 5. 

, When MIO left ])Osition 4 it ojieiuxl circuit 22, and R22 de eiHU’gised. 

27. When Mlfi reachcxl position 5, R27(ISIv') energised over the dialling tone coil DTC^', 
monitor's circuit, (not shown), Gl of M24. Lb -| 9 of Mlfi, through suhscrihor s instrument, 
35 + 9 of MIO, \A of M24. 

28. 8e(i]uciicc switch ]M2S(R1) (Fig. 124) energises over Rl and advances into position 3. 
When M28 closed its local circuit A(29'), it established a circuit in par^lhd to the holding 
circuit of R25, and when the sequence switch left position I, openixl the circuit 28 of R25, 
80 that when Bl • 2 openwl circuit 25, R25 de-energised. Th(‘ eirfuits of R13 and then 
Rl5 were opened, and these relays de-energisod . 

29. When M2K reaelied position 2, the 1 0,000's register, M29, energised over 12 + 3. 
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30. Circuit in parallel with 20. 

31. Another cir<;uit in parallel with eirt uits 20 and 30 in which H31(A81l) energises. 

32. R31 is (luiek acting, and (Minifiletes the previous circuits independently of 1127. 

33. JV120 rotates and closes its local circuit, thus short-dircui^^ing circuit 20 of the 

ditlcTentially connected relay H20, Avliich now energises. M20^arriving in jKisition 1 opens 
its local circuit and dc^-caiergises. Thr o])cning of circaiit 33 opcais circuit 34, and R31 
de-energises. ' 

35. When the scMpienc(‘ switcli x\12S reach<‘s position 2, the dialling toyie is transmitted 
to the caller ovcj’ N2 i 3, to indicate' that the register is ready to rt'cc'ivc* impulses. 

30. The register' guard lamp glows over M2 - 1 1 of M2H, and remains glowing until the 
register' is rcdurnc'd lo normal. 

If two sc'CpK'iicc' sw'itchc's M24 simultaneously connect with the sanu' rcgistcy, and .the 
RJ3 relays of hotli connecting circuits hecome energised, then the ]>otential at the terminal 1) 
is lowered so that, whi'ii 11 I ol M21 opens, the relays JM3 and IMo of both coniuotiLg 
circuits ri'inain in tlu' circuit with tlu'ir low' resistance windings only. The relays in parallel 
d<» not receive' suilicient cujT<‘nl, and K13 d('-(‘nergis<'s and then 1115. VVIh'U M24 reaches 
position J and closes its Rl contact, the circuit of 1V12I is ri'-cstahlislu'd and the hunting 
se(jU(‘ncc sw'itclu's continue to rotati* as descrilied. 

It is assumed that the numln'r to he called is 42,035, and this is readied through the 
selection of tlu* . 

' Fifth level on the lirst group switch (Fig- 

'third ,, „ second , (Fig. 121). 

First ,, ., third ,, (Fig. 122). 

Fourth ,, final ,, \TA). 

Si.vth vcitical row on theiinal switdi. 

Wlicn the lirst digit 4 is dialled iiv(‘ short and oiui long (the last) ini crru)>t ions of the line 
circuit arc sent. 

W'lu'n the lirst intcrripition takes ])lac(' 1127 d(' ('iiergiscs, and ojM'ns cii'cuit 20, so that 
1120 de-cn(‘rgiscs (hut H3S has not time to energise) : 1127 n'a-iu'rgisi-s after the interrujitiou 
and conifiletcs circuils 20, 30 and 31. 

37. 1131 energising completes tiu' energising eirenit for tlu' ten thousands registia* M20, 
w hieh starts out fiom ])osition 1, elo.ses its local circuit 33, short-circuiting the low resistance' 
w inding of 1120, w hidi (mci'gises. .M20 T(*aching ])osition 2 opiais circuit 33 and comi's to n^st . 
\\’hcn circuit 33 was opi'iied the holding circuit 31 of Ii3l oju'iied, so that that, ri'lay 
dc ciuTgiscd. 

At the heginning of tlu* second interruption R20 dc energises, if R3I has dc-i'iicrgiscd as 
])r('vjonsly di'scrilx'd, and tlu' cjuTgising (‘ireuit of M20 is ])r('])arcd. After the second 
interruption 1127 re ciu'rgisc's, causing M20 to ste]) into position 3, also as already dcscrihed. 
Each tinu' 1127 ('iicrgiscs llu' rcgi.stcr responds and steps to the next position and, finally, 
when the lifth interruption is over and R27 energises, M20(1I10,0()0) steps into position C, 
and when the last (long) interruption begins, K27 dc-cncrgiscs long enough to' energise the 
slow' relay K38(L I H). 

38. U3S energises over 1)3. 

39. K2r)(AMK) cncrgisi's and comiiletcs circuit 2H to energise M28. 1125 remains 

energised, if R27 has alrcad\ de-energised and opened circuit 38, to dc encigise R38. The 



AUTOMATIC TKLEPHONK SYSTEMS 


167 


energising circuit 39 of Tl2il is then open and M2S(1{.4) moves from position 3. and advanees 
to 0, under the coniA)l oj local cirvail 29'. K2.‘)*remaii\s energised until P3 ()])ens and breaks 
the eireuit 40 of 1125. 

41. M24(R3) in ])osi^ion 4 M4I (I* ei\ergist‘s over 14 j 0, with paralkd 

circuits 29, 30, 31 as Ix^foil' d(‘serihed, and advances into position 1. Tlu‘ difVert'nlial 
relay 1129 remains eiuTgist'd as ])efor('. 'I'he register is then r<'adv for th(‘ tlHuissinds 
impuls(‘s. • 

W lien the c^dler dials th(‘ digit 2, seven short and one long inttaruptions ai'c prodiiced. 
At the lirst interru})t ion ]i27 de-energises, then l?20 (circuit 29 ojxaied). Wheu th(‘ tirst 
inttarujdion is finished 1127 re energises, and M4I st(‘ps int») ])osition 2, and will continue' te> 
advaiH'e each time J127 energises. Einally w Ik'H the' se'venth short int(‘rni})tion is ov(T tiu* 
regi^^tcr will sto]) in position }^, and wIkmi the long interruj)lion taki's ])lace, anel lt3s(Lllt) 
energise's, and in turn 1*20, ]\12S(11.4) advances to position s. 

• 42. When ])ositinn 7 is reached M I2(K 100) (au'rgise's ove'r tl7-f- and steps into posttiem 1 . 
The parallel (‘ireuits 29, 30, 31 are (‘ompIcttHl as Ix tore'. 1129 ('lU'rgise's. 'The n^gi'-tea* is then 
ready for tlu' hundn‘<ls impulse. 

W'hcn th(‘ caller dials the hundn'ds digit o. nine short and oiu' long interruptions are* 
made*, vn Inch advance* IMOO inte) ])(>sitie»n 0. Whe'ii the* lemg inte'i i nption he'gins to take* place* 
M2S Ix'comes (‘lu'rgised. anel advanex's inte) pe)sitie)n I I. as pre'\ iously elcseTihe'd. 

43. In ])osi1ion 9 1M43(I1I0) energise's eeve'r K9 [- II. anel paralle'l e-ircuits 2tk 3th 31 as 
hefore. IMO ste*ps itete) peisitieni I, anel J\29 (‘nci“gise‘s 'I'lie' re'giste'r is I‘e‘a,(i^ to re'e*e‘iv(' the 
tens imj)ulse'S. 

When the* tens eligit 3 is elialle'el si.\ slmrt anel one* long mte'rruptie)ns ai'e* sent , e-a using the' 
tons re'gisti'r to st('p te) pe)sition 7 anel M2S(1U) te« advam-e* to |)e)sition 13 

44. In pe)sitie)n 12 M I4( IM’) c!ie‘rgise*s e)vi'i- K12 -| 13, anel e'ire uits 29. 30. 31 are* e*om- 
pk'ted. lie aeh ance's te) |)osilie)n I. and 1129 e*ne‘rgise'-.. 'rhe* i“giste‘r’ is !’cael\ to !'e*e‘(‘ive‘ tfu' 
units im])ulse‘s. 

W'lu'u the calh'r dials the* luiits digit o, hair simrt anej une' le)ng inte*rrupt ions ai’e* sent, 
anel lh(‘ II C re'giste'r aelvance*s to pe)sit ie)n a, v\ hile* iM2S( 114 ) ste-ps to peesit ion la. whe re* it stops 
n])e)n the* eijie'uing e)f its A e*e)ntact. 

Selection of the Ten 'Fhousands. - Mtt'r the* je*n ihonsands im])nlscs have* heen 
sent in an<l M2S( 111), ael\ .meing te) posit ion li, airivcs m t : 

47). .M4.")(k(dl) cn<*rgise*s in parnlle*l with 4t'> 

4t). .M4()(lla) e'ne*rgise*s in paralle*! witli lo, ove'r I'l e)l .Mlti. Lt | (I of M2S, and .\l4t) 
ael\ance*s into posit ieeli 3. ^ 

47. 1147(01)11) e*ncrgi.Ms o\ e'l’ Hi < lhe)f.M2.s. 

W hen .M4() ai'iive's in |)e)sitie)n 3. and e)pe*n'^ its A ee>nlae j, its pe)\\e*r magne*t anel 1145 
d(*-e*n(*igise', se) that it slops tlu're*. 

45. Illl(OLll) anel 114S(Slll) cne*rgi.se* e)Vcr X5 0 of .MIO(ll'). FI ed A124(I13), t^,3 of 
I\l4t>(Ila). 1147 de* e'lie'igrise's and ])r(*pare*s the* re*gister e*ire nil for tla* e eaitrol e)f the* ste>pping 
etf th(‘ trip sjandle' of the* lir.st gre>up swite h 

4!). Ml()(ll/) energises ove*r 05. anel advance's intei position 0, wlu'^e* it stops em the 
opening e)f its A e*onta(4 . , 

50. 'I'he tri])-s])i]idk* maune*! 3I50(J*2) cne'rgise's o\'cr h3) anel start^ to reetate*. ItYloses 
the Z^' e*e)nlact eif its IM'r2 inte*rrn])le*r, \\hi»*li will re*main e losexl until the* return e)f the trip 
sj)indlc in4o its fiome peisition. 
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.■)1, On Ou* first closmv of \VZ of 1NT2 K.11 energises over >16, and sh(vt-circuits JR,48, 
which tic (‘iicrgiscs. 

.“>2, R 10,00()(M21)) energises over h\ -I- 0 and iJi of M4()(Rr)), and in ])arallel thereto, 
(tirenit 47. *■ , 

r)2. Another eireuit in ])arall(‘l with ">2 and 47. R47 I leinpf differentially connected does 

not energise. Roil (‘nergises. 

oo. A’cw (‘lUTgising circuit of M2^h w hicli starts from ])osition (> and closes its a contact 
(circuit thus short-circuiting th(‘ low winding of R47. R47 now energises. When M2i) 

arrives in position 7. and dc (‘nergis(‘s on o])ening its a contact, circuit oit is ojiened and Rriil 
de-(‘ncrgiscs. R47 tlien (h‘ energises, as the first short-circuiting of R4H is over, when it 
I'e-fMK'rgisfMl and operu'd circuit 47. 

When tlie second short-circuiting of IMS Ix^gins, and it diM'niTgisis. M21t steps .into 
position S. A\'h(‘ii the third short circuiting takes place M2!) .stejis into position !), and on the 
fourth Nhort -circuiting it sti'ps into position 0. r 

Titi. Wiien the fifth short cir’cuiting begins to tak(‘ place and J14S de eiKMgises. M4h(]vr)) 
(‘iiergisi's. 

57, R4r)(R(*R) energises in paralk'l with M4 <>ov(T 1)3 of R5, rO of M2!), L!) of Kr> and in 
])arallel tluTcdo circuit 47. over H4 10 of JM. R47 does not energise. R4r> ojrens the 
fundunu'iital circuit 4S. 1\M(> starts from position 3, and ailvances to ]H)sition 4 and, closing 

its A (‘ontact, .short-circuits tire lou resi.stance winding of R47. whicJi energises. When M4t> 
arrived in 4, and ojrened its A contaid, the holding circuit of R45 was ojiened, and M40 and 
.R45 d(‘ (‘Hi'i’gise. 

llunlini^ of the First Group Switch (Fig. 12t)). — As soon as lh(‘ fifth closure of 
INF2 is ov<‘r Rl 1((1LR) d(‘ cjua'gises, as circuit 4S is ojren and ojreiis circuit 50 of M50(R2), 
which de-cn('rgis(‘s, and the trip spindle stops after having mad(‘ liv(' st(‘ps. 

5S. MlO(R') (Miergises over QO ' 7 and advanc(‘s into position 7. 

5!). Rll eiK'rgises o\’er J'7 i- !). FI of M2I(R3). (14 j 15 ol .M2S(R4). (dr’cuit oS is 
open, and M 1 0 d('-energises in posit ion 7 upon the opening of its A contact. 

00. Power magru't of brush carriagi* Moo(P(i}) (‘n(*rgises over F7 j H. The brush cai’- 
riage rotat(‘s and, wlaai jiassing tin* trip spindle, th<‘ lifth set of bruslu‘s ar(‘ unlatched, 
ddie carriage continues to rotati*. sw<‘eps over the terminals of the fifth I(‘ve1 of the arc, 
testing tor an i<ll(‘ second group switch. 

()1. When idle terminals are rTsiched. battery is conmeted over Hi of seipienc(‘ switch 

M(i7. 

* 02. In paralli‘1 to 01, R02{(UM*) J^od Pil3((lT'R) energise over terminal and brush K, 

(17 d 12 of MlO, 15 ‘ 7. P»l of 113. Fir'cuit H is then clo.sed through (IIMT, thereby 
toweling the potentiid at tiMininal K, to render the second group switch busy to any other 
hunting liist group switelu's. When the hnishcs arc centred on the terminals, (tINT ojiens 
circuit 14. and circuit 15 is cxtcnd(*d to energise R 15(({T2R). 

Circuit tit) is opened and ]Vl0t) dc-cncrgiscs. M 10 rc-cnergises in circuit Hi over Cl d 8. 

d)3. Parallel circuit to 10, in which holding magnet Mt>3(I-IG) energises, over B7 d~ b. 
FKl facilitates tlie stoppagi^ of the brush carriage with the brushes centred on the terminals. 
MlO ystarls from position 7 and advanees into position t) (passing over position 8), where it 
stops on opening its A contact. 

Double Test on the First Group Switch. — Sliould it happen that Vhe l\yo hunting 
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first group switches reacliithe terminals of the same second group switch simultaneously, 
and their respeetivV Kill relays hecomt‘ energised, then the Hdos, and cause the advance 
of the sequence switch MUi of both connecting circuits from position 7 into S, the 15 j 7 
contact opens after 7. and the K III relays of both connecting circuits in [)arallel rcunain in 
circuit with their low windiif^s. The ])otential at terminal K is then so lowered that relays 
K13 de-energise and, in lurji, the K15's. When Mlb arriv(‘s in position S. its (uiergising 
circuit is o])enod at K15, and both Mlb's stop in position S when the A contacts open, tlir- 
euit Cd is again com])lcted. MHO energis(‘s, and the brusjj carriage's continue to rotate ; no 
test for a secomf group switch can (u* made, as the circuit of i1m‘ high winding e»f^he 1113*8 
is now opeai at I 5 -| 7. 

04. When th(‘ respe'ctive* brush carriages arrive in tlu'ir home* ])ositions, K15 (MU'rgises, 
ovcf Hs and XZ of (JINT. Circuit Hi is clos(‘d ;ind MIO (‘iu‘rgisi*s. t'ircuit (ill is closed, in 
parallel tc* Hi, and M(ill en<‘rgis(‘s. M(i3 sto})s the brush earriage in the Ikuik' ])osition, 
ai 4 cl MlO stops in position 0. Tlu* calk'r complete'S th(‘ dialling, but no lurtlu'r s(‘l(‘('tion can 
take })lace', and no ans\N(‘r Is'ing rec(MV(‘d. th(‘ rect'iver is r('pla(‘e<l to re'h'ase the cininection. 

Selection of Thousands. As soeai as tlu' thousands digit has la'cn s(*nt in, M2S(K4) 
advanced into })osi<ion S. 

(i5. MKi eu(‘rgis(‘s ovei- hU and L7 • 13, and advaiu'cs into position (i. 

0(i. The fi*nda,me‘ntal (im'tallie) circuit, IHi(i(CLH) of IIm' s(‘cond group switch, 
(Fig. l-M ), and n IS(Sin ) (‘n(Tgis(‘. over .11 2, terminal and brush d , XO of M 1 0, F 1 of M24, 

IvO, .Hi, 11 of M24. KO, Oinish and te'iininal 1 and Kl. Circuit 47 is ope'iu'd and K47 d(‘- 
eiiergises, 4’he r(‘gisl(‘r is now ready it>r the conti‘ol ol t h<‘ .dc'pping of the' tri]) spindle* of the* 
seconel greiup swite'h. 

(i7. M(i7(R) ene‘rgis(.‘s eiveT 111 and advane*e‘s to ])e>sition 2. 

05. M(iS(P2) (‘nergiscs over K2, and the* tnji spinellc starts to rotate, closing the* inte*r- 
rupter e eurtaed INT2. 

00. H4S(S1U) is short-e ircuite‘el at e‘aeh ste'p. ove*r 12 and WZ cemtae t of L\'r2. K0(i 
is held (‘iiergiscel eive'r e'lre'uit 00. M40(l*i000) ste])s from position s into 0 and the'ii int^e) 0. 

70. l]f)e)n the* thirel close e»f 1NT2, when R4S ele-e*ne*rgise*s, M4(i(lC‘^») e‘ne‘rgise‘s. 

71. Iv 15 (‘ne*rgise\s in paralle*! \\ith 70 ove*r l)(i. e*I\ <»1 .M20, L(i, do ol M41, Mi, H4 -I- Hi 

e>f M2S. K47(()1)K) e-iK'rgises w he'ii M2S eianplete-s its lea-al e-ire-nit . 1145 opens the* fnnda- 

meiital e'ireuit (i(i. \\ he*n the* sc([ue*iie*e* swite*h M4(i arrive'S in posit-ion i it steips th(*ie, 

f>ii tlie^ e)]>e'ning eif its A e'ontact. until the* hunelre*ds impulse's are* se/nt in. 

Hunting of the Second Group Switch (Fig. 121). As soein as the* thirel elosure e)[ 
1NT2 is eive*r, IHiti de*-e*ne*rgises, as the* fimdame'iital e-ire-uit (iti is alre-aely o})e*n(*d. ( 'irenit OS 

is e.q)e‘n and M0S(I’2) ele-energise*s anel steijis, having made* thre*e* steps. 

* 72. M(i7(R) e'liergises ove*r C2 anel aelvanees into peisitiem II. 

73. M7ll(rM) ene‘rgise‘s ove-r F3 ; 4 and the* hrush e*arriage* starts to rotate*. On passing 
the trij) spindle, the thirel set of bruslu'S are* unlatche'el anel M73 eeintiuues to redate, hunting 
fe)r an idle* third greiup switch. 

74. When an idle line is Idiinel a (*euuu*e*tie)n is maele to battery eiver Ol t 11. 

75. In paralled le) 74. l{75((H^:i{) anel R75'((rrdl) energise, eive*!* TM, terminal and 

brush N and (dC , . 

70. IjOW rcsistanee eircuit thre)Ugh XY e)f OIXT. 

77. \yhen ^he brushes are eeutred on the terminals, HINT opens, and R77(CT2R) 
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CMier^^isos. At th(‘ same time tlu‘ ])ot(*ntial on terminal is lo\t<*re(l, and Jhe third group 
switcdi ma(l(‘ busy to all other hunting seeond group switehes. 

(’ireuit 7.‘t is opf'iied and i\l73(!*') de-onergises. 

7H. M()7(R) (‘iiergises. 

79. M79{H) (‘n(‘rgises in paralkd with 7S, over Bli T). -J- 4, ]\179 stops the brush 

carriage*, with the^ brush(‘S (centred on the terminals. Mr»7 advances into position (>, passing 
over position 4. In (>. B7r/ is sliort-eircmiteel, ov(‘r (di, and d(‘-en('rgises. j07 remains 
emu'gised. ^ 

50. MSO (B of the Hurd group switch) em^rgises ovea* JU ami advances into ])ositioii 2, 
where il stops upo!i the* opeaung oi its A contact. 

51. Holding circuit of B7r>, indepcmelent e>f e*e>ntact J^l. 

Double Test of the Second Croup Switch. Should it happeai that twu) hmOing 
2nd group switches simultaiu'ously revich the* terminals e)f the same* third grou]) switch, 
and tlie*ir B7.“/ re'laxs ( iie'rgise* and, in turn, the* H77 re‘la^s. diiving out the* se'epumce* switfch 
M07 frean position It. \\'he*n, after contact (lit is opened the* low wimlings of the* two 
B75' re‘lavs are in pnralle*! in the conne*e*ting eireiiit. so that the* potential at the* t(‘rminal N 
issenniie'h lowe*re*d that the* R7‘»' re*lays (k*-e*ne*i’gis(*. the*!! the* 1*77 s 4'he SS Mt»7 s then 
arrive in position 1 and open th<* A e*ontaets, e ire nit 7S is the'ii ope*ne*el aiul the*y ste»p in that 
pe)sition. ('irenit 7:{ is ceun j)le‘te‘el and .M7;kBl) e‘n(*rgis(‘s. and the* biush carriage* ce)ntinue:s 
te) re)tate, bu( ne) te'st tor a thirel gre>up swite-h is ])e)ssibk*, as the* t(‘st e*ire*uit is e>pe*n at^ (b*k 

52. \Vh(*n file* biusli caniage* r(*ae*he*s its heune* ]»ositie)n, 1177 e*n(*i‘gise's o\ e'l* Ht ; o 
aiiel Wa eit (iINT. ('ircuit 711 e>f .M7.‘t is e>pe*ne*el anel .Mti7{B) euie*rgis(*s in e-ire-uit 7S over 
(Xt i 4. Mt»7 aelvance‘s tei peisitiein o.anel no furtlu*r se*le*e*liein e*an take* plae-e. The* e*on- 
nectiem is the*n re*k*ase*el. 

Selection of Hundreds. - Afte*r the hunelre*el,s impulse's have* be*i*n se'iit in, SS .M24(B4) 
has aelvance'el from peesition <S te> II. 

s:j. M1()(Br)) cne*rgise*s ii\e*r 'B7. 09 • HI. anel aelvanee's intei ])osi1ieai 9. 

S4, The* fundame*ntal circuit (>() is again e*e)mplete*el anel HS4((J LB) e*ne*rgise‘s e)ve*r* LI | 5 
of thirel greiup swite-h (Big. 122), terminal anel brush M. e*ire‘uit (iti, brush anel terminal L, 
,11 : a of thiiel swite*b. B4S{SIB) also e*ne*igise*s anel opens eireant 47, anel IU7 de* e*ne*rgise‘S. 

So. MS(I(B) e*n<*rgises e>\e*r Kl 4 anel ael\ane*e*s tei positiein a (pa^sing eive*!' jeositiem 4). 

St), 'Ti'ip spimlk* magne*t MSt'»(B2) e*ne*rgise*s e)\e*r Ka, starts tei reitate*, ami e’le)se*s the* 
YZ ceaitae’t of 1XT2. 

S7. \Vhe*n the* lirst elosure* eif the* eemt.ie*!. \VZ eil L\T2 takes jiiae-e*. R4S is sluu't cir- 
cuite‘el e)ve*r la. Bsi is he*lel e)ver circuit S7. IMS ek‘-e*m*rgise*s. 

S9. B4a ami M4ti e*ne*rgise in ]»ara]k*l in e*ireuits 7t) ami 71 le) main sjiring of e*ontae*t 
y of M4t). the'iie e* ove*!* e*ne*uit S9, until 7n. 71 are i*e*|e>ine*el. B 17, e'te*. B4a re*ope‘ies the* finfehi' 
mental circuit (iti, anel Al4<i k‘ave*s peisition 9 ami passe*s to in. and ckising its A e*ontaet 
cause's the* e*nergisatiein eif JI47(()I)B). 

Hunting of the Third Croup Switch (Fig. 122). When L\T2 e)])e'ne*(l circuit, /.c., 
S7, RS4 ek* em*rgise‘el. (4re*uit Sti is o])em‘el ami MHti(B2) ek*-e‘m*rgise*s. having maelc eine* step. 

S9'. iMSO(R) e*ne‘rgise*s eiver KT) • (i anel advances te> ])e)sition (>. 

9h. RK4((ilLR) e*nergises eeveT lb ami \Yj eeentaet e>f IXT?. ('ire*uit *S9' is eipeneel and 
SS Mho ste)])s u}>on the* e)])ening eif its A eemtaet. 

91. Brush (carriage* magm*t M91(P1) (‘nergi.ses in pe>sition 0 f)f MSO e)W Ff\ and the 
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brush carriage rotates. Parsing the trip s})in(lle, the tirst set of hru>lu‘s is inilatehed and the 
brushes hunt for au*idle trunk to the tinal seloct<*r. 

92. Wlien the test hrusli Q makes contact with an idle line, a connection is made to 
battery over Si -j- 4 and 114 of thi‘ tinal switch (Fig. 123). 

. 93. In ])arallel N\il(i 92. 4v93(FFK) emTgises over It 1 , tmaninal and brush Q, and Hti 

of second group switch. U92((iT'll) also energises. 

94. t'arallul circuit lliroiigh low winding of 1192 ovei’ XV contact of 01 XT. The 

potential at terminal (^, is lowtaed to make busy the tinal switc h to otlu‘r Ininting tliird group 
selectors. When the brushes are (M'ulred on th(' terminals, (JIXT o])ens. • 

95. The circuit is e.vtench^d through K95((JT2K), which ('uergiscs. Oircuit 91 is opened, 
and M91(J*l) dc-cMicrLiisc's 

MS9(lt) (Muagises ovc'r (3i ^ S, and h'aves position and advancers t.o jiosition 0 
on th(‘ closure of its A contact, passing oamm* ])osition s. 

^ 97. M97(H) <'ncrgis(‘s in parallel with Also o\ (‘r I )<>, ( '<> i S, and the bruslu‘s are 
ceiitrcMl on the tta'imuals 

AfttT position of Also, ItSl d(‘H‘iu‘rgis(‘s. It92 rmnains (Muagiscal in circuit 95. When 
the MSO aiTives in 9 tarcuit ‘.15 is opened at (JO • S, and 1192 de (Mi(‘igiM‘S. 

98. Holding circuit of lt95 ov(*r .M9 1 II 

99. Farallei ( ircuit to 1195, in wiiich 1193 i*(‘mains cncrgis(‘d. 

Th(‘ test i)ig*cii'cuit is prc'parcd and tli(‘ tinal sw'it(*h is rc'ady tor tlu' IcMis digit. 

Double Test of the Third Group Switch. II two hunting thinTgrouj) swilches 
arrive simult au(‘ousl\ on the terminals of th<‘ saim* linal s( l(‘ct<>r. and tlieir Iv92 s (Uiergise, 
the ]>()t(Milial at tlu' teriumal is so lowered that, wlu*n the 11,95s (Micrgisc, tlu* stapuMua^ 
switches Also hsivi^ position 0. tlius op(Mung circuit ‘.Ok wlimi th(‘ lvi>5 s di' (‘ueigisi*. MKO 
then de-energis(‘s wlaai its A contact is opmual m position 8 (5rcnit 91 is coinphdial and 
iM91(lM) cmagiscs. and the biusli carriage rotates until tlu* home position is I'c^aehi'd 

100. M‘.)7(H) and 1195 an* ('iiergisial ov(‘r l>8. hom<*eontae1 .\Z of ( 1 1 XT and tin* hrusluvs 
are stoj)p(‘d in the home* position .M80 is (Miergisisl in <*ireuit 9t) over ( ‘0 i 8, and arlvanees 
to }>osition 9. xXo flirt he r selia-tion is jiossihle, and flu* ma< hines will return to normal. 

Selection of the I’eiis Digit. After tin* tens impulses have been dialled and ibe 
the SS M28(I11) advancing from ])osilion II into 13 arrives in 12. 

]nl. M 10(115) energises o\rr (Mo of 115. .M 12 of 11 I. and advances nto position 11. 

102. The fundamental circuit 8| 102 is comph'tcd o\ cr k I , I of t Ik^ liiial sw itch, 

terminal and binsh stepping rel.iy 1148, .11 ■ t of the linal switeh. and 11102 and lUS^ 

(‘iKTgise. 1147 de I'lU'igiM*-. and the register is nsnly t<» control tin* st(*pping the iinal 
switeh s[)iiidl(‘. 

*103. M 103(11) energisi's o\ er (M, and advances int(. jiositioii 2, where it stops on tlio 
opening of its A e(>ntaet. 

104. Ml04(P2) (‘iiergises and rotates, closing the \ Z c()ntact ol 1X12. 

105. On the first closure of \VZ of 1X1'2. IU8 is slmrt circnilcd over I2 f 4 (R102 is 

held in circuit 105) 114 8 deenergises. 

loti. M43(ll Itt) ciu‘rgis(‘s over h\ ; 9, M I I and low winding of 1U7. Oir(‘uit 47 is com ■ 
})le4ed in pai’alh’i. M43 advances into position 8. as previously d(‘scrilH‘d. During th(^ 
Bceoiid stc]) of A1104, M43 jiasses to ]josition 9. At the third s}M>rt-circuiting of R48, M43 
returns tojiositifm 0. 
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107. On the fourth short-eircuiting M40(Rr)) energises. 

108. R4r)(FCK) en(‘rgises in parall(4 with M4r> over Bll f 18, cO of M43, Mil, low 

winding of R47, then as circuit 10(> over H4 -| Hi, and o])ens the fundamental circuit 
(i(> f 84 I 102. M-10(K5) leaves j)osition 11 and advaiues to 12, and R47(ODR) 

energises. 

When 1NT2 o])en(‘d, R102(RLR) de-energised. Circuit 104 oj)ens and M104(R2) 
de-energises, after making four ste])s. 

loo. Mlo:}(li) energist's over F2 and advances into position 3, where it remains until 
the unitr. imjmlses an‘ sent in. 

Selection of Units. After the units impulses hav(^ been sent in, M28(R4) leaves 
])()sition 13 and advances to la. 

Mo. .V12S on reaching position 14 causes MH)(ltr>) to energise ov(t 1)12, F»14 i5 of 
1\128, and advance to position 1 1, where the fundamcailal circuit 00 is completed over J14 of 
R5. 4’h(‘ opening of circuit HKi caus(‘s 1147 to de-energisi*. M 103(R) (‘nergises over C3 and 

advances into pfisition 4, wIktc^ it stops upcui the opeinng of its A contact. 

111. Mil 1(1M) (Micagises ovta* C4, and tlK‘ brush carriage rotates, and when passing the 
trip s])indl(\ tin* fourth s(‘t of luuslu's are unlatched. 

1 12. WhiMi the lirst short-circuiting of Hl8 tak(‘S ])lace over 12 -j 4 and XV of INTI, 

R48 <le-energises. i 

1 13. M44(!\r) eneigises over hi -j- 0, MI4, low winding of 1M7. th(‘n over circuit 100, 
and st(‘])s into ]H>sition (> as alnaidy tlescribed. Ris r(‘sponding to successive closures of 
1N4'1, causes HC to stej) forward and w'luui the fifth closur(‘ of INTI takes ])lace RU steps 
into ])osition 0. 

114. lv4r){l'('H) energises. 

1 IT). ]V14()(lvr)) energis(‘s \i\ ])arall(‘l with 1140 ovci’ Rll ; is. cO of \{{_\ rO -| 0, M14, 
low winding of R47, then as circuit 100. 1140 oj>ens the fimdaincTUal circuit ()(i. M40 

leaving position 14^ closes its A contact, causing the energisation of 1147, and advances to 
position 10. 

Release of the Register (Fig. 124). 

110. Wlu'n m m; passes M.V Rll(;(Vlll) ciuTgiscs o\ cr FO f 10 of M28, K14.( of RO, 

H 2 -1- Hi- 

117. Holding circuit of 111 Hi. 

(■irenit 00 is ojmmkhI and HllldLll) dc energises, (’iriant OS is (Muuph'tisl, and MIO(R') 
eiKTgist‘s and advances to position 10. 

MS. iMlO remains energised arul advances to jiosilion 1 I over RlO. - 

When MlO left position 0. eireuit 22 is again eomplided and 1122 energis(‘s (JO Oand 
L5 -f 0 o])en and el(»se again in J HI 13 and LlO I 14). 

When MlO left position 0 and opened JO A h and LO -[ 0, eireuit 27 was oj)eiied, and 
1127(1 SR/) de-energised. 

110. M28(R4) energises over (MO c)f M28. and advaiiees into position 10. After position 
10, circuit 1 17 is o[»cncd at EO 1 10, and RMO dc-energises. 

120. M40(R0) cncrgis<*s over DIO, rO of M20, LlO, do of Mil, FlO, rO of M42, NlO, GlO 
of Rst, and iidvanees to position 17. 

121. RO is again energised over Bll -f 18, rO of M43, Ml 7, GlO, and advances into 
position 18. 
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122. K5 is jigaiii energised over Bll -f 18, cO of M44{KU), r‘J f 0 of RU, MIS, (MO of 
114, and advances ifilo position 1. 

123. M28(R4) energises ov(‘r ?].“>-• 10 of R4 and HI of RT). and advances into 

position 18. • 

. 124. R4 again energises f)ver CMS, and advances into position I. and the n'gisler is free 

for another connection. 

Selection*of an odd Thousands Number. -If instead of 42,o:t5 tin* calhul nuinbcT 
had been 43,035# which corresponds on tlie s(‘cond grouj) switch to tht‘ third l(‘V(‘l of tlu^ 
terminal arc (as in the case for an t‘vi‘n thousands number), and on th(‘ third group switch are 
to the second level (instead of the 1ir>t, as in tiu; pr(‘vious ca.s(‘). 

The caller having diall(‘d digit 3, s(‘ls the Rl.OOO register in position 7, and R5 advances 
from position 4 into t> (circuit (>5). 

125. As R5 ])asscs ])osition 5, R125(()TR) (h5g. 124) energises over H) of M41 and (15. 

• 120. Holding circuit <jf IM 25 ov(T P5 

Tlie seli‘(‘ti<)n ])rocccds in thi‘ niaiiiKT d<‘s(‘rib(‘d in circuits l>7 to 71. After tlie s(‘eond 
short-circuiting of R4S, R1,00(> ste[>s into po.sition 0. 

127. When th(‘ third short-circuiting of R48 l)i‘gins, MI0(R-5) eiuagises. 

128, R45(R(dl) (Muagiscs in paralh^l with R5 i)ver I)(>, d) of M2lh J3), /b of \t41, rS [- 0 
of M41, PO, lo\k winding of RJ7, ami parallel circuit 47, 114 j- lt» of R4. Iv45 optais tfu' 
fundamental circuit 00, and 115 advances into position 7. Tht^ trip s})indl(^ of th(‘ second 
group switch is stoj)])(‘d j)ositit>n corresponding to th(‘ third h‘v<*l (eirciids 72, 77), wliile 
M41 (111,000) remains in position 0. 

After tlu‘ hundreds digit 0 has been sent in, setting up J\r42(RlOO) in ])osition 0. i\l40(R5) 
leaves position 7 and advane<‘S to 0 .M4ti o})cns its R5 - j 0. which opiais the holding circuit 
125, and lvl25(()TR) de eiuTgisi^s. In position of M40 the fundanaaital circuit tiO is (*stab- 
iished, an(4 when i\110l(P2) (of Hit* tliinl group switch) |)roduces the iirst short-circuiting of 
R4S(SIR), the latt(‘r then d(‘-e^(Tgise•^. 

120. iM41(Rl,000) (aiergis(‘s over rS 0 of M41, RO, rO of IMtK). XO, low^ winding of 
R47, tluai by circuit lOti, and st(‘|)>> into position 0, SecpuMicc* switch !Vr4(>(R.»), and riday 
R45(RCR) cnergist^ in circuits 7(^ and 71 to main spring of contact R, Humi over circuit SO to 
back contact of R47((.)I)R), then ovct 70 , 71 again, over the following sc'ipuaice switch con- 
tacts DO, d) <d M20, LO, r/0 of .M4 I, RO. d) of M42, NO. R45 o})ens the fundamental circaiit 
06, wdiich sto])s the trip spindle of Hie third group switch in a j)osition corresjxmding to tin* 
second level. R5 advances into position 10. The further j)rogress of th(‘ schvtion takes 
])lace as described for the (iven thousands digit. 

Selection of an odd Hundreds Should tlu* called number be 42,035 instead 

of ^2,135 this will correspond to tin* first h-vc' of the third groip) switch and the fourth level, 
and the sixt-(‘eiith vertical row <»1 the tinal selector arc. 

When the hundreds im}Milses have bei*n sent in, causing the hundreds register to sto}) 
in position b, and when the s(‘fiuenc(t switch R5 advancing from j)osition 7 into b, passes 

positi(3n 8. * ^ 

130. R130(IJ(JR) and RI30'(AJR) energise over 08 of R5 and r/b of RlbO. 

131. Holding circuit of R 130' t)\M*r R7 ^ 12. ^ * 

132. M42(R100) energises w luai R5 in )»osition 8,( <;loses its N8.\ and over di) of RIOO. 
RlOO adA-ances*iiito position 0. The selecthjii then proce(ids as for circuits 87 to 90, the trip 
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hpindlc of th(‘ third j^roiip swiU'Ji sto})ping in a position (•oit(‘s])oik lin^ to tlio .first lovol of tlie 
tormiiial arc. 

Tlic selections of the tens proc(“(^ds as for circuits 101? to lOK. ;md af ter tla^ units impulses 
have been sent in, setting up RC in position 5 and M4()(lvr)), advances into yjosition 14. 

1 113. When leaving ])osition 12 it e>pens circuit 131 ot R13ti, H130', at P? + 12. The 
relays, hovv(‘V( r, reunain (‘iiergise^d over circuit 133, over e/l 0 of Rlh R2 -I- 1(1 ot 115. 

Wlien R 102 (‘r)ergis(‘s, after circuit 1 10 is completeal, and l auses the* advance* of the final 
s(‘(pu‘JU‘.e s^^itch ]\1103 into position 4 and the (‘htahlishinent of (Miciiit 111, t}i(‘ lu’usli carriage 
of th(‘ finxl switedi starts to rotate'. 

131. At the first short e-irciiiting of R4S(S1R). MV e'neTgise's o\(‘i- e’O ' 0 of UU, M14, 
lenv Ncineling of R17 (e ireaiit 17). RT steeps into positieai 0 and. re‘sp(>7iding te> the brush 
e-annage' ste'pyhng, the* registe'r ceadinue's to .ste']) into suee‘essi\ e* positions up to y)osition 0. 
Whe*n the* si.\th sliort eire*uiting (of h)nge‘r eluratieai) stalls to take* ])lace' as'’llie brush 
e‘arriage yiasses ove'r the long toe)th on the* toeithesl rae*k U of IX Tl. whicli se-parates the 
two halve*s of the* final (e'lininal arc. RCste*pping inte> position 1. opens its e/0.1 0 contact. 

'Phis ()j)ens the iudeling circuit 133 <4 RI30 anei R130'. for an inte'iv.d suffie ie'nt to ensure 
their eU'-e*ne‘rgisation, 1’he ste‘j)ping (*i?‘cuit at the* ba(*k of R 1 30 is vr e‘s1al)lishe*d anel, wheui 
the seventh short e*iie*uit ing e»f R IS ^tal•t^ 1<» take* ]>la(*e'. flu* fuithe'r ste*p])ing of MV e»ce*urs 
as pn*viousi\ ele‘S(*ribe‘d. Tin* brush e'arriage* is alloxved to juake* 10 adelitional s1e‘[)s, which 
j*i*tuni the Rl’ to position 0, and the* brushe's sto]> upon the* te'nninals of the* third level and 
the* si\te<*nlh \e*/;tical j*ow. 'Phe* j'e'h'ase* of the* r(‘giste‘r take's place* as jue'viously de*s(*ribed. 

Release of KejJister after Selection of an odd Hundreds and Zero 
Units Number. If the* e'alh'd hue* she)ulel be* 42,I30. \\'hie*h corre'spoiuls (o the* first 
row eui the* se*e*e)nd half e)f the* te'i’ininal arc, the*n vn he*n the e*alle'r dials the* hundre.*ds RlOO 
will be* se't in pe)siti(»n 0. e*ireuit 130 will be* cle)se.*d and Rl 30 anel R130' will e*ne'rgise*. Afte*!* 
the* units ha-\'e* be'cn eliallcd. s(*tting RU in peesitieen (t se'ejue'ne'e* switch Ro advane*e‘S te) 
]»e>sitie)n N. 

135. RI35(M1>R) e‘ne*rsiiscs. whe'ii R5 passe*s peisitieui 13 o\’cr /’ 0 ol Rl . 013, e/0 e)f 

RU anel 112 Hi. 

130. lle)lding eifcuit of RI35 oxe*!* 112 10. Alte*!* tin* emits M le'(*tie>n is o\ci* anel R5 

ad\ ane*e*s fi'om j)osit ion 1 4 1 e) 1 0. as a box e*, K 1 4 A e>l R5 is e)pe‘ne*el (e* ire nil I I (i) and R 1 I 0( \ 1 R ) 
xsill neO e*ne*rgisc until R5 has e lose*el its Kl5 Mi. 

137. RllO(VlR) e*ne*rgise*s oxe'i* Iv7 1.5 of R4. Ko 1.5 of R.5, ll2 Mi. MMi(R') 
e*ne*igise*s in e*ire*uit 5S and aelxances to ])ositie>n 10. Ry this arrange'ine*nt the* change* ove*!* 
e.f the* e*onne*cting e*ir(*\nt from the re*giste*r tei the* talking e*!rcuit is de*la\e*il by a time* sulfie*ie*nt 
(e> ensure* that the* e*ontae*t Rl -I e)f the* final swite*h e)pe'ne*el be'lore* the* contacts ]MlO -j 15 
and K 10 15 of M Mi e*lose*el. 

Testiny^ of the Oalled Line (Kig. 12.3).- Af1e*rthe' e*losure of IXd’l is ove'i*, RI02(RLR) 
ele-ene*rgise*s, as the* fundanu'iital cii*e uit has alre-ady bee-n e)pe*ne*el (tolleiwiiig cire*iiit I 15). 

(3rcui( 111 is e)p(*ne*ei alte*r the* biush e*ari*iage* has inaele* six steps anel MlllfR) eh*- 
cnerg7se*s. 

13S. ('ircuit 100 is ce)mj)le*te‘el eAcr Td. anel cire*uit 13S is e-om])le‘teel in ])arallcl over 
R4 5i, anel M 1(»3(R ) anel M 1 3S{ H ) e*ne‘rgise*. M 1 3S ste)])s t lie* brusJi e*arriage with the brushes 
centre'eR and M103 cle)se*s its A e*e)ntae*t anel ael\ai.nce*s tei |)e)sitie)n (i. Jd i 4 eif the final 
swite*h e)])e*ns br*feire* K U( ; 12 anel ]\1 10 i 12 eif iVI I0(R ) 
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Kl()2 oner^ises, ^vIk‘11 MIO.*} is in position o, ov(‘r ({o I (>. Wlinn MIOH arrives 
in j)usitiou (i, ift; nftnr^isiiii' (.‘ircnit lo:{ is alnvuly rt'-oslal»lisli(‘(l ovor ( ’(> and advances into 
posit io]i 10. 

140. Wlicii MlOll passes position 7. and tlu* called line is idle, K 1 40( ) cntT^ises 
over tile (4 lit and scrvlci' in^di'r SM in paralhd, tiaaninal and hrnsh C' and (17. 

141. Parallel ciriaiil tlnonoh th(‘ ln\\ windinu, in which lM ll(Pr2H) (‘neri;ises. The 
])otential at tl^e P' terminal is lowered to rnalo* tlu^ liiu* test hiisy 

142. When MlOll ai“rivcs in povitum 10. it continues to ad\ane(‘ to position 12 over 

EO 11. It p;^s(‘s ov(‘r posit ion II. » 

1 111. Holding circuit ol 1 1 1 40. U 1 1 1 and ( 4 )P . w hen M lo:> is in |)osit iim 12. over (112 ■ 
17, 1112 17. 

144. Ivinging current t<i calli‘d tine o\ t‘r poh* of ringer, IM 2 1,4 hriish and t(‘nninal 

U, nistruirttMit , terminal and Inaish .\. K 1 2 14. It 1-14(|{( I K ) docs not cncM'gisi', 

^ 1 4;’). WduMi the intiirnptci' \\‘4 clo^cil. It 1 02( hd^lt ) ciHM'giseil o\ cr ( ) 1 2. Ml 04 (Miergisc's 

in circuit I04, onci' (Ml 1 1. and ad\anc(Ml into position 14. WIumi leaving position 12, 
11102 d(^ em'rgises. 

140. In position 14, wlien W2 closed. It 102 (‘ncrgis(‘s again o\('r NKl. M104 re-cma’- 
gis(‘s in (‘ireiiit 104 and advances into position 14. 

147. Intt'i'i’iipted I'lnging current is siait to line o\ (‘r .M 1 4. 

14s. M oiu' ^Micuit during tlu‘ period M104 is in positions 12 11. o\ cr (^12 ■ 14. 

140. Sc<‘ondarv (liTnit to (<alhnL! line, to 1(41 that called part\ is being, rung. 

1.70. When MI04 I’ca.nK's position 12 .Ml0l{H2) (‘iiergises o\(a’ I)I2 I, 'AX c(mtact 
of lN'r2. and rotates until th(‘ home p»)siti<m is nMclu'd w h(‘r(‘ 1 .\T2 (►pirns, and MIOI de- 
(MU'rgising stops in its position ol rest 

After position 4 eirciiil 02 i-- opmusl at SI I ItOa rmnaiiis in eireint with the high 
rcsistanei' ol It04, and It, 0.7 ih' eneriii.M's whil<‘ It04 rimianis <‘n(‘r<iis(‘d. 

1.71. .tlSO (It ol the third -witcli) eiu'igises over KO II, and advane(*s to position 12 
(passing o\ ei’ 11), and stops upon the opening ol its .A contact. 

1.72. Ms(l( 1*2) (Mieigises o\ ei- El2 I, 7 Z contact of lN'r2. ;md tlu* t ri]) spindle I'otaU'S 
until th(‘ home position is reaeh(‘<l wlwac tlu* I\'r2 (ipiais and .MSC) de (Uiergisi's and stops 
the s])indle in the position ot rest 

Msn lea\'iiig position II open- its II II, and It ^i. being in siu ies with t hi‘ high 
resista,nc(' i4 It7.7 d(‘ enerui"'*- while lt7,7 rmiMins eiMMgised. Aft(‘r positi w II, circuit 05 
was opened at (-0 II and It0,7 de (*neriused. wlul(‘ It04 I'cmams (mergisisl in circuit 00. 

Double 'Test of the Final Selector. Should il happen that tlu* bruslu's ol two (inaj 
seU'ctors test, 1 Ik> sa,m<‘ subscribers lin<‘ '-imultaiUMUisly, tlaar ltl4n relays la^come (‘luagised 
and in turn tlu* IM 1 1 s. Aft(‘r (^7 op<Mied, leaving the low winding of K NO in circuit only, 
the* potential at the termin.d ( ' is -o low that tfie KNO s de-cnergis(\ tlam the IvNl s. 
When tlie sei^mmee switches Allo:» ;iiri\(‘ in position In, their eiiergisuig circuits 100 au' 
opened, and .Ml04 stop^ in the busy position and the busy tone is transmitted to tlu* 
call(*r. 

The Oalled Party answers. Wlu n tlu* recei\er is liftt'd to answ/T IM44 encigiscs. 

1,74. M104 energises over (M I ^ II and advances into position 1,7. 

154. MMie talking circuit,, in wliicli iM5l(S'lt') eiu*rgis(‘s ov(‘r AJIO 12 of the first, 
switch, hrush and terminal M. do of the st‘eond switch, brush and terminal M, LO i 12 of 
the third ^.watclT, hrush and t(‘rmina! \\ .M15 of the liiial, hrush and terminal W, instrument, 
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terminal and brush A\ K15 -f 17, terminal and brush O, JU terminal and brush L, 

Kb, terminal and brush 1, KlO -r 12. 

155. MHi(K') energises over (MJ and advances into position 12. 

Release of the Connection. -When the calling receiver is replac^ed, circuit 22 is 
opened and 1122 de-(‘nergises. Circuit 5K is complete'd and M .SG advan(‘es into position 17, 
passing over position 1 .‘1. After position 1 2, C7 •; 12 opened and Rl 8 and J115 de-energised. 

15(). The service nuder M15(;(SM) energis(‘s and registers in ])osition 14 pf IVllG, 014 -|- 
IG, brnsli and terminal (C brush and terminal C. During the change over of 03 -f 13 to 
014 r Df>, the circuit is ojicnc'd for a sliort period, but RJ9', being slow to release, remains 
energised. .ilO j 13 opens before 03 i 13 after jiosition 13. After position IG 0 14 -f IG 
opened, and (ipiaicd circuit 15G, ami RIG 1V115G, and R 11)" deenergised. The sub- 

scDberV line is lum* in the calling condition. The line linder is now fre(‘. R21 fle-energises. 

157. In position 17 of JdlG, MGO(R(i) energises ova^r R 17, 117, Rl of M24,and tiie brushes 
are rota-Usl. Wlum th(\v })ass t he ri^storing roller the set of tri])pcd bruslu's are lalclu'd apd 
returned to the home jiosition. 

15S. ltl5(CT2R) em'i'gises ov<t 11 IG 17 and A'/ of 01X1". Circuit 157 is opened 
and MGtl de energist's. 

1G(1, MIG (‘ncrgis(‘s and advances into jiosition 1<S. wher(‘ it waits until the second 
eoniu'cting circuit of tin* sub-grouj) takes up a call. MG3(11 (j 1) energises in ]>arallel with MiG, 
over R 17 ’ 1<S,(D> ; IS. 117, R I of M 24, and tin* brusla^s aie stoj)p(‘d in t fu* home position. 

IGJ. ]\15G(R2) <‘nergises wlu'n MiG is in position IS over RIS , 5, and \Z of 1NT2. 
The trip spindle rotates until the home position is rcach<‘d. when N'Z opens and op(*ns cir(‘uit 
IGl, to de-energise M5(). which stops in the honu* pitsition. 

Normal Positions of (connection (circuits. 1\) reduc<* the lunuber of Inint ing sc^cond 
lin(‘ finders, wlien a call is made the connecting circuits are aiTangcd in ^ub-groups of trwo, 
in such a wav that wlam both are fri'o, only one of the connecting circuits has iD sc(jueuce 
switch MlG(R') in jxisition I, wliih* tlic otiicr remain.^ in bS waiting for the first to laM^ngagcd, 
If wc assume that the sc(‘()nd conucctiug lircuit of tfic sub grou]) lias taken a call, its MIG 
arriving iu jiositioii 4 coiuplctt's the eireuits of its AI24(R3), whiiii stai'ts to rotate, to hunt 
tor an idle register. 

1G2. As soon as this s(*arcbing seipuaiee switeli leav(‘s its normal position IG, and arrives 
in I, it closes its SI I G, when M24 of tlie connecting circuit (with MiG in IS) energises 
over DlS and SI ; G of the bunting M24, which rotates. 

l(>3. M24 when passing Gl, 1\154(S2R') energises ovta* M15 IS of MiG, RG.J of M24. 

^ 1G4. MIG energises over (IG IS and advances into ])Osilion 1. The other M24 

arriving in 10, finds its energising circuit ojien at 1)18 de-eu(‘rgis(‘s and stops in its rest 
position 10. It is then ready for another call. 

1G5. When MIG left position 12, RG2 de-energised. MG7 (R of second switch) eiior 
gised over DG and advanees into position 10. (’ireiiit 73 is then eompletetl and M73(l^') 
energises over RlO and rotates. Tlie brushes are latched ami continue to rotate until the 
home position is reaeheti. 

IGG. R77 energises over 119 -j- 11 and XZ of DINT. (Ircuit 73 is opened and M73 
de-energises. 

lV)7. MG7 energises and advanees into position 1. 

IGH. M 79(H) energises over 1310 4 11 and then iu parallel with MG7 over CIO, and 
facilitates the stoppage of Mt>7. 
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100. Tn pos^ion 8 of Mil?, ]Vl(i8(P2) eiuTgiHOS over F^S 1 and VZ of INT2, and rotates 
until the home posiTion is reached. 1NT2 is then open(‘d, MOS de-entTgises and the trij> 
spindle remains in its normal position. The seeoial group switch is now n^ady for anotlier 
call. « 

, 170. When M67 (Fig. 12^ left povsition t5, circuit SI was ojx'iu'd and ll7r> dc (MUTgised. 

^180 then energises over H!l | 12 and advances into position 14. Circuit til is com])let,«Ml 
and Mtll energi!ii\s over FT 4 and rotates. When passing the restoring rolU'r. the brushes art‘ 
latched and the brush carriage rotat(‘s to th(‘ honu* position. Circuit ItU) is complt‘ted and 
ROo energises. Circuit ill is then o})ened and MtH de-eiuTgises. Circuit \H\ is (‘(;in])l(‘t(Ml . 
MSO energises tiver (T4 and advances to position 1. The third group switch is now’ n-ady 
for another call. 

171. Circuit IMI is opened and 1493 de-energises. M104 (U of the final swatch) tlum 
energises ovei’ HI 2 4 17 atid advanct's into position 17. If the called receivia* has been 
re|4aced. cir<‘uit 171 is .still compleU'd at P>12 [ 17, and J\llo;i ad\auc«‘s iut(> 18. After 
])osition 17, 1112 |- 17 and (T2 1 17 optaied (circuit 140), and CdH. 11140 and HNl 
de-energise, thus fre(‘ing the call(‘d line. 

172. Mill efUTgises with Ml Oil in ]H>sition I Hover FTS, and rotat(‘s, lat (lung the brushes 
on the way to the home position. 

172. 1^102 eiKTgises ovcm' OIH and Z\' of INTI, (/ircuit 172 is opemed and Mill de 
eiHTgises. ('irciflt 103 is completed and M103 and M13S energise in paralhd over BIS, CIS. 
The brush carriage is stn])])ed in its luuue ])ositiou and the secpu'ucc' swdteh advances to- 
position 1. The final switcli is ready for a n(‘W call. 

Called Subscriber’s Line busy. Wiicn scipicnca^ switch Ml 03, advancing from 
j)osition 4 into 10, jiassos over jiosition 7, then testing the called linc^ eireiiits 140, 141, and 
finds the line busy, the potential at tlie terminal V' is too low' for RI40 to onergis(‘ and 
close circuiU 141. When M103 arrives in ])osition 10 and opens iis A (^onlafd , it d(‘-energises 
becaus(‘ circuit 142 is ojum and stops in position 10. 

174. A busy tone is induc(‘d in tin* secondary of the induction coil by t he primary over 
QIO and tin* interru])tcr, and is heard hy tin* caller. Ml<) remains in ]>osition 11. 

'riic caller replaces the receiver, circuit 22 is opemed, and R22 (h^-ciuTgises. 

175. R22' (‘uergiscs over Qll. (’ircuit 19 is opcn(;d and the (billing lin(5 and the first 
Under are released. Holding eireiiit 23 of 1122' is completed over 013. 

170, M 1 0 energises over 19 14. Ill oi M 24, and advances to position 17. The machines 

return to ju)rmal and iiKdoring is juevented. 

When R93 and .1175 dc‘-energised, eireuit 171 is eorupleted, and M103 energises over^ 
BlO and advances into po.sitioii Jl. Cinaiit 172 i.s then compUdinl and Mill energises 
over^Fll, and rotates until the home ])ositiou is reached. (Jireuit J73 is completed and 
R1 02 energises over OtM 1 1 J^isl Z V of INT I . ( Urcuit 172 is opened and Mill de-energises, 

(viryuit 103 is completed and M103 and M13H energise in j>arall(‘l over Bl 1, (Jll 14. M138 
stops the brushes in the home position, and M103 advances into position 12, oi)eiung, after 
11 circuit 17Ji, so that R102 de-cuergiscs. In position 12 the energising circuit of M103 is 
closed over .FI 2 17 and advances into position 1 8. and, finally, returns to iy)rmal, as already 

described. • 

Selecting a Private Branch Exchange Line (F^ig. 123).— The P.B.X. final switches 
are equipped with the part (jf tlie circuit shown in dotted lines, and the full line marked with 

A.T.H, 
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an X from Rl()2 to 05 1 f» (circuit 139) is omitted. If tlie caMed subscriber belongs to a 
IMt.X. group, then, when the brush carriage stopped upon the first line of the group, 1V1103 
advancing from position 4, reaches position 5. 

177. If th(^ first line is idle, E177(J*BH) energises over 05 \ (i. 

17H. Pv]41 tmergises, and circuit 172 is open, when M109 arrives in position (>. Cir- 
cuit 142 is comjjleted and 1V1I03 energises over Ei\ -j 11, has its eiuirgising circuit closed, 
aiul advances into j)osition 10. Leaving ])osition (5, circuit 177 is opened .at 05 (- 0 and 

PQf^ RCR GPR GLR B6 R S‘r' CTiR GTzR RC RC' 



W4 Iftt 


Positions of' 6R. H. 
(2-iyirc Trunk). 

1 Normal 

2 Pz Rotating. 

3 pi Hunting. 

6 Pi Returning on Pr. Ret. 

6 Waiting for 3''^ R to }t\ IV a 11 
y Talking. 

11 Pt Returning 



Firj. -W. I- <'o.'s lUvi’AUY Systk.m. So« onu <!nioao(Tp Spenou fou Two-uvvlf. TKUNKr>. 


11177 de-(‘nergises. While passing position 7, the ordinary t(‘st circuit is re-established 
at 07, the liiu‘ inad(* Imsy, and the final switch advancers to the ringing position, as already 
described. 

When Ml 03, advancing to position 0, arrives in 5 and closes its 05 -j- (>, if tlu* first 
]M?.X. line is busy, R177 will not eiaugise. When Ml 03 arrives in (>, its energising circant 
is opened , but M 1 1 1 energises in circuit 172 and rotates until the next idle line of the 
groiiT) is found. 11177 tlien emagises. RI41 is short circuited over l(i and XY of INTI, 
and does nut (*n(‘rgi ;c until the brushes are centred and INTI opened. Mill de-energises. 
Oii’cuit 142 is completed and M103 and Ml 38 energise, in parallel, over B4 f (1. M138 
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stops the l)rii.<dios and ]\Jil03 advancus to 10. so testing and niakinu; tliu liiu‘ Inisy as 
before. • 

If all lines of the ^roiip are busy the lirush carriage of the final sv\iteh will rotate until 
the last line is reached, aiKMhere Hi 77 will eiuTjrise, whether lh(' line is busy or idh‘, as the 
CJOR is shunted by a 430-dhiu non induetive ri'sistanee (not shown). This causes the 
advance of j\ll03 into jiosition 10, and, while ])assin<j[ 7, tlu^ test circuit VNill lx* established 
over (17. line being busy, H140 will not cncrgis(‘. and M103 will stop in the busy 

posit i(»n JO. Jbrsy toiu' will tih(‘n be transmitted to the caller. 

Connection with a Distant Office (Kip^. 125). Two-win' trunks are usi'd’ lu'tw'eeu 
otlices. 44i(‘se an^ eonni'cted for outgoing s(‘rvic<‘ from one ollicc on a j)r(*dett‘rmined level 
of the first grouj) switelies. At. the other office tluw connect with bruslies of second group 
selectors, tlu* othc'r switclu's being as Ixdon* described When a connei tion is r(‘([uired in 
the secomf off ice. tlu' first digit dialled causes tiu' ti'st brusli of the first switch to conni'ct 
with an idli' two wire trunk. 

150, ]*»a1t(‘ry is comu'ctcd ovi'r terminal and l>rush K. 

151. Hi S0(R.(4v) and HlSl(lH»)H) (uu'i'gisi' ovtT terminal and brusli K,({7 i 12, tlirough 
1113, as in circuit 02, cdc. 

182. Harallel circuit to terminal K. 

183. RlSO bolding eireiiit. 

WluMi lb(^ thousands impulses arc sent in, M40(Lir)) adx anei's into position 0, and 
(‘stablislies the fundamental einmit. 

184. Ivl S4((/!LH,) and fl4S(SIR.) do not eiu'rgise (»v<‘r the f'>ndamenlal eirenit 0t> |- 84, 
ov<‘r terminal J, Id and Nl, lu'ing in series with high winding of HlSl'(R(dl), which 
(energises. 

I.>5. Sc'quence swit(‘b MlS5(R) ('iiergises ovi'r (d and advanei's into position 2. After 
jiosition 1, eirenit 184 is opeiu'd and RlSt de-energises. 

ISO. itlSl and H4S now' energise ovn*r Ij 2, linisli ,1, fimdanu'iital eirenit., terminal J 
and 1)2. 

187. M187(H2) energises a.nd tIu' trip spindle rotates. 'Plu' fnrtlu'r si'leetion of the 
tJiousands takes placid as before dcscribcil. 

188. VVdicn s(‘lcction i:; completcil, and the fundaim'iital (urenit opi'iuxl at the back of 
R45(HrR), K.184 ((i 1LR) d(' cnergisi's after tin* contact WZ of INT2 is opened, (‘irenit 187 
IS th(m opened. 

ISO. SS M18r)(H) <Miergis(*s ovi'P H2 3 and a.dvanecs into position 3. HlSl (uiergises 
in eirenit ISSovot 1 3 and VZof 1NT2. SS Ml 85, in position 3, ojh'Iis its A contact aiul comes 
to rest. 

The bunting of the brush eairiage and the advaiu'c of the Ncqueiux^s swoteli into posi- 
tioif 0 takes place as in circuit 78. After s(‘leet.ion is over, the final switch, h'aving position 4, 
causes th(‘ SS of the third group switeli to leave position 1 1 , and H.77 ((rP'ZR of second switch) 
de-eiuTgiscs (sec circuit 152 and following). 

190. SS M185 energises over FO and advamtes to position 0, and closes its MO and KO 
eoidaets. * 

101. In position 7 of Ml 85, 11154 is in series witii Rd84 and doi s not (mergise , 11184', 
however, energises over JVIJO 4 12 of first swOtch, terminal 4, L7 i 0 of second A^’ouj) 
switch, N7 -j- 0, brush 1, KIO ! 12. Mlh is tlius kejit in ]>osition II until the called party 
answers, as alrc<"c«ily described. 
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192. When the Kubneriber answers, R192(S'R') energises ovot* M9 of sec/)n(l switch ovei 
subscriber’s line and K9 of the second switch. 

193. Short circuit of high winding and resistance of R1S4. RIT)! is, however, in circuit 
J 91 , and energises. ( -ircuit 1 55 is (u>iuplet,ed, and S8 Ml 0 advances into position 12, as before. 

When the (;aller re])Ia(H*s the receiver R.22 de-emTgises.‘' ('irc\iit 191 is opened, and 
HI 84' de-energises. 

194. R1H4 energist^s ov(t J9. r 

195. SS Ml 85 energises over 119 and advances into })osition 1 1, and returns to normal, 
as befor(^des(!ribed. 

When SS MH) leaves position 12 and oj)ens contad (1, R181 de-energises. R180 
remains energis(‘d in cinaiit 18.3. 

I9(). (Circuit to kecf) trunk busy. When Ml 85 arrives in position 1. circuit 199 is 
(‘xtended tliroiigli tiu' A win* and 51, and R.I9(>{(tPR) energises. (!ircuit 183* is opened, 
R180 de'energis(‘s and n' establislies the test circuit, and tlie second switch is ready for 
amdher call. 5511* other switclies are releas('d as before. 

Breaking down a Local Connection for a 1'runk Call- If a lim^ is engaged in a 
lo(;al conm'.ct>ion, but is re(piin‘d for a trunk call, the local (uill is broken down by the trunk 
or toll operator applying a direct earth at the test terminal V. If the line wanted has been 
(tailed for on the local connection, RI49 and R141 are short-cin'uited, and wdll de-encigisc. 
(3rcuit 109 is thus compl(‘t(‘d, and M103 energises over K12 j 17, and advances into ])osition 
18. Circaiit 171 is then coinjdetcd, and Mill energises over K,l^ ^oul returns to its home 
position and stops thetx*. Ml 03 finally returns to position 1, as described after (urcuit 173. 
The trunk of the final switch is kc])t busy by the low potential at the t('rininal Q over circuit 
99. Wh(‘n th(‘ caller ref)la(K‘S tlio receiver, the release of the connection will take place as 
previously described. Whim R75 of the third grouj) switch is de-energis(‘d, R93 will de- 
energise and the tinaJ switch is free for anotlier connection. , 

Should it hajipen that thi* calling })arty on a local coTinection is wanted, then, wheji earth 
IS applied to the test tiTininal i \ R19' and Rl9" an* short-circuited and dc-imcrgise. Cirimit 
21 is opened and R21 de-energises. 

197. R22' (Fig. 120) energises over JIO 1 13. Circuit 19 is ojiened and R19, R19' and 
R19" are cut- off. Holding circuit 23 of R22' is completed over 03 -j Lk Circuit 179 is 
completed, and M19 emergises over 19 1 14 and HI of M24 and advances to position 17 
jiassing over 13. ( 5rcuit 159 is open, and the booster battery is disconnected, and the metei 

does not register. 13i(‘ return of the machines to normal is as before described. 


Section 58 

THE WESTERN ELECTRIC CO.’S “CARRIAGE CALL” (Fig. 126) 

'riiis is a very valuabh* adjuiiid <m a system of mixed manual and automatic ofliccs for 
indicating, at the B niamial j)ositions, the (jailed number dialled by a calling subscriber on an 
automatic (»llice. 'Flic impulses arc received on registers at the automatic office and given 
out by these to regist ers and seijuence switches at the manual office, which ‘cause one of a set 
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of 10 lamps asi^ociatetl wIIiIt eacli register switch there to glow. The op(*rator thus reads 
the number watiteTl from the glowing lamp in each strij) of 10, ther(‘ b(‘ing as many strips as 
there are digits in the number. The trunks end in single eonls or on kt‘vs, and tluTe is a 
calling lam]) associate<l wirti <*aeh plug or key to idiuitify 11 k‘ trunk. Th(\se ar(‘ sometimes 
associated with I> optTa tor's* positions placed between manual otliei's and a.n automatic olbce. 

To the left of Fig. 120 th(* b'rminals of the first group, switch in tiu' automatic otliee an* 
indicated by U J, K. 'ria* verti(‘al ilotted line indicates the trunk line intiTva! hetwaam tlu^ 
manual and the^automatic otlici*. Four figure inimlMTs arc assumed for tlu* manual otbee. 

The trunks incoming to an o})crator‘s ])osition havt* access to two n'gistcrs, which control 
a common call indicator eq\ii])}3c(l witJi the corn'sponding numix*!* of lamps. While both 
regisbTs ,)f an operator's ])osition arc being set, the outgoing t‘nds of the* r(‘maining fret' trunks 
of that jjosititin are insulated hy o])cning the outgoing t*nd of tht* t(*st wir(‘s. 'riiis is under 
the control of two setpituict* switcht's UO'P and HOT'. Tlu* sanic st*(]n(‘nc(‘ switches insulalt' 
the trunks of an ojU'rator's fxisition when if. is vacant. 

Otfier ieatiircs w ill la* pointed out wlitai dt'seribing the diagram. 

'riit* (‘ircuits art* numhert'd as follows ; 

When the lirst digit is called and the set]uenct* switch t>f tht* first grt)U]) sw itcli m(»vcs to 
position 7 (Fig. 12(>), tlu* brush carriagt* Ftl starts tt> hunt for a free trunk to tlu* carriage 
call position, 

1. Hc'hiy n'(rHH) t‘nergis(‘s t)V('r wipt'r Iv anti tht* ft)llt)wing in the auttunatic otlice 
(Fig. 12-1). through (JT'lv, f)at*k of NMH ft) t'arth (circuit l.‘l). when triVJi and 11111(11/) 
energise. Tht* trunk is made l>»isy atul t ht* st'qut'iua* ,sw itch (at auto.) atlvanct's to position t), 
as for an automatic ctmiu'ction. 

2. Holding circuit of ir(ldlll). 

3. RllilUril) t'ucrgiscs. llafyiUl) dot's not reta'ivt* sul'licient currt'iit ft) (‘lU'igist*. 

4. 11 l(VQ,ll) t'lU'rgist's. Short -circuit removctl frt>m 114'(LH3R), anti t ht* latter is slowly 
t'lU'rgisetl in st'rit's with 111. 

f). The high rt'sistanct* of 113 is sluat circuilt'tl and U5(Q3ll) cnergist's. 

(). 115 T.OOO-^ohni winding is in parallel with the 4(M)-t)hm winding. 

7. Jiaiuf) (IL glows and relays .117(1)1111) anti Iv7'(IMdv) en(*rgise. 

5. Iblt>t lam]) glt)ws, indicating trunk bu.sy. 

t). Jkjwer niagnt't iMt)(l*) of tlu* ))rush carriage t)f tht* line-tinders t)f both registers is 
energised. Tht* ct)rrespontling In nsh carriages rt)tate anti hunt ftu* tht* calling trunk. 

in. The first that makes ctmlatd with the terminals ct)mj)l('tes this circuit. lllO((iT'R) 
en(*rgiscs. 

11. |jt)w rt'sistanct* circuit thrtutgh FIN'F tt) earth to rtiakc trunk busy to the tdher 
hunting line-tintler. 

• 12. When the bruslies arc centred t>n the terminals, FI NT oju'iis anti (Fr2ll.(Kl2) 
energises. (Circuit n is t)])ene<l anti 51n(P) de-encrgi.ses. 

13. ('ircuit ft>r setpienct^ ssvitch M I3(ll.di). 

14. Parallel circuit tt> M13 in which the holding magnt*! M 14(H) of the line-timler is 

energist'd. it controls the stt)])])ing of the hrush carriage. MI3(K/l^d advances from 
position I tt) 4. ^ 

15. When apprtmehing pj)sition 3 ]110((;T'U) re-energises. (^ircuit 11 and 12 is com- 
pleted, anti relays R15(VPR)* R15'(VP'R), R12((1T2R) energise. 

10. RJ0(V( HI) energises. 
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17. HHi higli winding in parallel with low to make it independtmt of Vr'^(R15'). R16 

opefied circuit 7 and K7(l)KR) de'cncrgi.M(‘d. Circuit 0 in opened and tin? infignet M9(P) of 
th(‘ other still hunting c.all-tinder is de energised. 

Setting up the Registers for a Carriage Calk— Sujiposf! the called number to be 
2,455. 1’'hc corr(\sponding regist(*rs will })e s(d in the positions 8* 0, 5* 5. 

IH. Th(' fundamental circuit tih (Fig. 124) is established from the automatic olfice. 
When K.15(VPII) (*nergis(‘s, the fundamental circuit is from battery, K2 plus U, CLP, back 
of NMP, brush and terminal L, front of VPK, terminal and brush J, through the funda- 
mental (‘irfuit (as (i(‘scribe(] tor Fig. lib), brush and terminal J, A wire of trunk, front of 
VPPv to earth. 

Wlien the thousands impulses have been sent in and R5(M4()) (Fig. 124) advances to 
position t), closing tlK‘ fundamental circuit bG, CLR eiuTgises in scries with S'H. 

19. ^1II1(R/L) (‘lU'rgises and advanci^s to position 5. 

2b. lvl,b0b(M20) is en(‘rgis(‘d and advances to position 2. • 

21. Whih‘ ])assing })osition 1 1 1, t his circuit is established to shorCcirciiit the stepping 

relay S'il, which, de-iuiergising, causes the register of Ul.bOO to advance into ])osition 9. 

Wlum PI J o[)ened and nanoved the short circuit of S'U, tJie latter energised and 
])re])ared the register for tlu‘ riiception of the second impulse. The lamp register M20, 
Hl,()0b, continiK's to advance from position 2 to 8, and passing position 2 — L P 

contact, again short-circuiting Sdl, whhdi, de-eiuTgising. establishes a (unTuit for 115 and 
FOR in parallel (Fig. 121). The latter, (mergising, opens th(‘ fundamental circuit while* P5 
advances io position 7, when* it waits for the hundreds imjiulses to be s(‘nt. in. 

When circuit 21 open(*d, l\lS(GLlv) de-energised and opcn(‘d circuit 20, so that Rl,000 
sto])})ed in position 4 after having opened its A contact. 

22. Rl5{ll'L) is again en(*rgised and adv'ances to position b, where the s(‘(pi(‘nc(* switch 
waits for the* closure ol the fundamental eireuit, wliieh will takii j>lace after the lunnlreds 
im])nlses have* been sent in and R5ad\aneed to jiosition t). 

Wh(*n the liundreds imj)uls(‘s have been sent in, (ILU and S'R energise, (trenit 19 is 
eonij)k*ted through lb and ]\113(R'L) advances to |)osition 7. 

2.‘1. M25(RlOb) (‘iu‘rgises and advances to position 2. 

24. Wliile ])assing lU .1, S'R is short -eireui ted ami de-(‘n(Tgis(*s and eaus(*s the advance* 
of the re*gisler RlOO to ])osition 7. Whe'ii the lam[) register* M2I}(Rlbb) ste‘ps into position 
3, the* r(*gister It lOO is eausenl to ste*]) intei j)e>.sition S. Whe*!! M23(RlOO) steps into p<_)sition 4 
the re*gister sle*ps inte) }>osition 9. When ]M23(RlOn) ste*])s into position 5 the* re‘gisier Rlbi) 
s^eps inte> positie)n 0, and wlien ]V123(IMbb) s(c|»s into j)(»sition b, R5 anel (Fig. 124) 

become e’ne*rgiseel. The former eipe'iis the fundamental cire-uil and the latt(*r advane*es 
inte) its waiting ])ositie)n 10. 

W'h(*n circuit 24 o])cns, RlH(GLR) elo-euiergise's, o])e*ns eureunt 23 f)f RlOO, which st1)])s 
in ])e)sitie)n b afteu* having o])cncd its A e-ontact. (Ircnit 22 is again ce>ni})le'te*d in ])osition F7, 
causing M13(R'L) to aeivaner te» ])o.sition H, w’heu*o it wails for the fundamental circuit to 
be cle)S(*el. 

Whe'ii the* le'us inipulse*s have be*en sent in anel R5 (Fig. 124) has ailvance?d‘into ])e)sitie)n 
11, closuig the* fundamental circuit, R18(GLR) anel S'Ji energise. The former ceimpletes 
e'iie uif 1 8 Avheii the .scqiiene*e* switch aelvane*es te> jieisition 9. 

» 25. 'the lamp re^gister M25(R10) tUK‘rgise.s and advances to po.sition 2. 

2b. S'R (Fig. 124) is short-eirenite'd in the manner alrcaely describe-.d ,* and causes the 
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K 10 register to advance in%) position 0. When ]\12r>(l^ 10) steps into positicm Ih U lO (hig. 124) 
register is causltd step into position 7, etc. Wlien M2r)(R10) ste[)s into position 0, 4ho 
HlO register is caused to stc]) into position O, and wIhmi M2r>(lM0) stt‘]>s into position 7, 
FCH and 115 (Fig. 124) liec'^uni' energised. 'Fhe former opens th(‘ fundanu'iilal circuit while 
tjic hitter advances to its waiting ])osition 12. 

As soon as th<‘ circuit 25 is opened, K.1S((JLR) de-energis(‘s and opiui.s circuit 25 of RIO, 
which stops in, position 7 after having o])cned its A contact. Circuit 22 is again completed 
over FO, and MJ3(R'L) energis(‘s and advances into position 10, wliiui' it waits until the 
fundamental circuit is closed. « 

When the unit iiupulsi's have heem sent in, and th(‘ seipienei* switch R5 (Fig. 124) 
advanei'd into jiositiou 1-1, (‘losing the fundatu(‘nt.al eir(‘uit, RlH((JLR) and S'R energise, 
('ircuit 10 is com}>li‘ted over llO, and MlH(l^'F) energises and advaiu'i's to position II. 

27. M27(fll') ciKTgist's and advanet's to ])osition 2. 

^ 2.S. S'Jt is sliort -circuited, as heforiL and tlie RC n‘gist(‘r is eausi'd to step into position t>. 

Wlum M27(Kr) advance's into position :h tlu‘ registi'i* RC (Fig. 124) is eausi'd to stt'p into 
t>osition 7, (‘tc. Wht'U .\127(RC) advance's into position 0. the* registe'r RC returns to position 
0, and when M27(RC) advance's into position 7, FCR and R5 I'uergise* The former opens 
the fundamental circuit and tin* latte'r advance's into poNition Ri, and the release of the 
re'giste'r takes jilacc. 

Whe'ii circftit 2<S was opi'iK'd. R1S((JLR) de-e'iie'rgise'el. riie* switch M27(RC) st-ops in 
position 7 after iiaving onene'd its A contact. , 

Circuit 22 is eouiple'ti'd ove'i* FI I and Ml‘l(ICL) advance's into position 14. 

Lighting of the Indicator Lamps. 'Plu' two re'giste'r eircuits are so inti'r-e'emneu'tiHl 
thah w he'll the lamps glow a call, arriving threuigh a,ne>ther re'giste'i-, w ill not aelvanee' untiJ 
the' ojK'iator has atti'iieU'd to the lirst call ; that is. il M'epie'nee* sw'iteh R2L (ot the' sce^ond 
re'gistcr) is,not in position Iti whe'H the' lamps gleiw 

If no otJie'r call is waiting, and R2L is not in peisition Id 

2!), 2t)'. Alternative* circuits m which MI5(R'L) e'lie'rgi.se's anel advane'cs into position Hi. 

:^tl. No. 2 lamp of L1 ,(M»o glows. 

31. Ne). t laiiij) of the hunelre'ds glows 

32. No. 5 lamp ot lh«' te'iis glows 

33. No 5 lamp of the units glows. 

4dic four glowing lamps inelicate' the numhe'r 2,45;). 

When the seej[U('neM' sw'itx h R'Lli'ft ])ositiem 14 it eipe'iie-el e*ircuit 15, and re'lays R15(VRR), 
K15'(VR'R) de'-e'iiergise'd. 

34. Heilding circuit ot RlU(<Fr'R). FF R at aiitejinatic ollicc and Rl2((Pr2R) remain 

energised in cire'uit 12 and 1*'^. Rl»)(\ R R) eipeaie'd e*ircuit Hi, hut R.Hi(\()l\i) is he*Jei in 

circuit 17. Lanij) (.IL (‘ease's tei glow 

35. Flic calling lain)) ('L gleiws. 

3d. Flic talking e uviiit is e'stahhshe'd. anel 5lHi(R') at the- automatie- ottice* is st.ojipi'd 
ill ])osition 1 1^ 

Setting up an* odd Thousands Number. H tlie* calk'd numheV had he'en 3,455 
instead e)f 2,455 t he aute>matic re'gistcrs wemlel have* hee'ii set in peisitiems 7, <i, 5, 5, a^el the 
lam]) indicator re'gistcrs woukl set up the R l.dttO switch eine' ste^j) slieirt , hs Ih*' 1* I ,(K)d re'gistcr 
will remain in jiiisiliem d. But an adeiitiemai step will he aeleh'd ein the* IMdd swite.h, whiedi 
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will st()]> ill position 7. Ml.'illt'L) will then advance to position KVif the thousands indicator 
lairtps. • ' 

.‘17. Xo. 3 lamp of 1^1,000 glows. The other lamps glow as already de.scribed. 

Setting up an odd Hundreds Number.- -Should the c?ille4 number have an odd 
hundred, the lU: switch will make an additional rotation. * 

3H. When jm.ssing position 11 - R3H(DKlv) energises. 

39. U3H(l)Kll) lujlding circuit. 

40. The corres[»onding lamp in the LlOO grou]) glows. 

Release of the Register and Ringing the Called Party.— Tlu‘ opiuator, seeing the 
T(‘({uired numlier disjilayed, tests the line wanted with the plug corresjionding with the 
glowing CL lamp, and if the line is idle inserts the jihig into the jack. 

41. R41(KL)K) and lv4l'(ENR.) energise. R4r opens the circuits 7, lo, lO; etc., and 
Rlt>(V01v), R7'(1MjR). RlO(CT'R) and R12((j}T2Jt) de-miergise, and lamp ('L ceases t^o 
glow. R7' opens eirenit .3 and lamp PIj e(‘ases to glow. 

42. R42(XMR) energises. 

43. R42 holding circuit in which .M13(!/R) energises and advances to position 17. 
WluMi leaving position 10 tin* indicator lamjis cease to glow. 

44. RljOOO energis(‘s and returns to its normal position 1. 

45. RlOO e.nergis(‘s and returns to normal ])usiti(>n I. 

40. RIO returns to normal jiosition 1. 

47. RT r(‘t urns to normal ]>osition 1. 

4S. All the registers being in position 1, M13(R'L) eneigises and returns to position 1. 
On leaving position 17, circuit 42 is opened and R42(XMR) and R22(C'r2R) (1(‘ (‘niM'gisi^. 
The registers are ready for a ii(‘W' eall. j 

49. R41(l)KR) completed a circuit for thi' S2R1 of the connecting eirenit. eau-^ing 
♦S2K to energis(‘, wbieb in turn caused Mlt)(Rl) to advance to t h(‘ talking [losition i2 Mean- 
time tlu' operator has rung the called party, and, when the subscriber answers, conversation 
takes ])laee. 

Releasing a Connection,- When the calling parly re])lae(‘s the reeeivi'r the 
automatic machines ivturn to normal, as described for Figs. 118 -124, and tlu‘ nu'ssage 
iT‘gister (meter) operates. 

When eireuit 1 of ir(rHR) is opened at the terminal K relay, R' de-energise.--, (heuit 
is opened, but R5(Q3H) remains energised iii circuit fi. R3(B(rR) de-iaiergises, but Ro 
(emains energised to keep th(‘ trunk busy. 

50. Lam]) S'L glows until the called party clears. 

51. When the calk'd ])arty clears, R51(M8R) operates and lamp S21i glows, and the 
0 ])erat()r withdraws the plug. R41 and R4r de-energise. 1141' opens circuit 50, and lam]) 
♦S'li ceases to glow. R4r also ojiens the circuit of R4 and RL. The former, de-energising, 
opens circuit- 5, and R5(y,3R) de-energises. ']’hcoj)erator momentarily operates t hi‘ sj)eaking 
key .to open circuit 51, and MSR(R51) de-energises and lamp S21.< ceases tp glow’. The 
trunk is returned normal. 

Called Party Busy.- -When thi* called line tests ljusy, the trunk plug is inserteal into 
t he busy jack. 

52. This eireuit is eompk'ted over circuit 41 , and R41' energises. Owing* to the resistance 
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of 2,400 ohms^ l<41 does^not unergisu, and M 10(^1) of tho (“oimectiiig circuit is kc])t in 
position 11.'* 

Busy toiK* is ^ivcn to the calliiif^ suhscriher. 

The remaining o])eratiions are as before described, and when the ealh‘r replaces tho 
Veceiver the connect ioi'i is released without metering. 

Premature Releases. -The calling n'ceiver may be rc'plaeisl just bi'fon* the register 
is eonneeted itnd cause a pr(*mature release. de-energis(‘s ami, in turn, K7 and 

Ii7' de-energiset I.iamps (;1L and ('L ei^ase to glow, and the circuit is retunu‘d to normal. 

A premature release' may occur when bot’.i registers gi't eomu'cti'd simultalii'ously to 
tln^ sanu' trunk. '^I’hen w lu'ii MKf(H'L) le'aves position I and opt'Us the e*ireuit of the* high 
resistance winding of (iT'H. that relay and <rr2B de energise*. 

• Whew Mill pa^-se's positiem 2, B42(NMB) eiuTgise's and eipi'us eire'uit 10. 

oo. Mlll(l\'l.i) e*mugise‘s and a,dva.ne*es te> peisition 17. 

• 50. ]{lS((ilLB) e'lK'rgise's and e>])e‘ns the* te'st e ire'uit, w lu'n lvl5 passe's posit i»)n !l. The 

( ircuit is tinally returned te» normal in kimvvn manner. 

Functions of the Timing Sequence Switches ROT and ROT'. 

57. Wlien a jiosition is oeeiipie'el anel the* instrument ])lug is inse'i’te*el in the* jae'k, 
n57(<ilMI) e'ne'rgise"-. 

58. The* se^iuenee* switche's M5S(|B)1') anel M50(ltO'r') stop in any e>( the |>e>sitie)ns 4, 

in or lO, vviien tlu* o])('rator‘s pe>sitie>n is imt (K*e'upie‘el. RO'I" is e*ne'rgise'el^ and advances to 
jiositiein 7. ' • 

50. Wlu'ii position 5 is re'aclu*el, IMVI’' e*nergis(‘s anel aeivances to position 7. In posi- 
tions I, 7 anel l.'leif K01’ and llO'l’', the* te'st circuits of t he* trunks are e'lose'el at l)l, 7 anel III, 
or coro*s])e)neling e*ontaets of ROT eir R(.)T'. Kae*h sue*h e*e>ntaet is indivielual ])er trunk. 

When botli ivgislers are be-ing set up. R'R and R2R ha\e* tlu'ir corre*sponeling Q e-emtae'ts 
open, 'rifls o])e*ns cireunt 57, and (JRR de*-cuergises. 

()0. ROT cnergise's and aeivances to peisitiem Kk 

til. Whe'ii arriving in ])osition 8. ROT' ene*rgise‘s anel aelvance's tei positiem It). wh(Te 
all the* I) and similar e-ontae'ts of bedli see[ue'nce*s are* eifiene'el, thus ke*e‘j)ing insulate'd tlio 
o])e'rate)r's jieisition, ^^o that nei new calls e'an arrive* until the* se'tting u]) of, at lt*ast., erne 
re'gister is complete*el, 

(i2. T)u' timing arrange nient i- maele* inelhcie*nt by threiwing the^ XK ke'y, thus short- 
circuiting at (i2 the* eemtae t-. 
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Section 59 

AUXILIARY CIRCUITS. WESTERN ELECTRIC CO.’S ROTARY SYSTEM 

Operation of a Dead Level Circuit.- A level of t<‘niiinals on a swileh to whieh loi 
workiii^ wires ar(‘ eoiiiuM ted is said to 1 m‘ a (had 1ev(d. A circuit is provided, so that when a 
connection is extend(‘d to tiiis in terror some response will he obtained. Pig. ? 27 is a circii t 
of a dead i(‘vel on a two-win' second group switch. Should a subscriber tjial a digit, that 
causes tlie^sf'cond grouj) sw itch brush to engage with a level to which no third group switches 
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arc conneett'd. then, v hen the st'qiu'iice switch adAances to juisition .‘i. the bnisli carriage 
starts to rotate and makes contact with the terminals to which the dead level circuit 
connt'cted. 

a. A connection is comj>let(‘d to battery. 

h. A paralk'l <*ii-cuit to a in which lb/(l('K), K//'(IKIl) and Ku// (S(/r'L\) (h'ig. l2o) 
energise ovtT terminal and brush N, of second gi'ou]) switch, iih, beirrg short-eircuiti'd. 
(foes n(»t energisi'. MlSo (R of ser'ond group sAvitch, Pig. 12a) advanci's to position (i and 
makes busy the triud< of the dead level in known manner. 

(■'. ('ircuit tlu’oiigh interrupter DINT. Kr{J\rL'R'), brush L, Kti. wire, [undatnei>tal 
erreuit (iti. R4S:. R> w ire, iMb of fccond switch and t(*rminal aiul brush M. When the hundreds 
impulses liaNc been M-nt in, the fundamental circuit is closed at i\l4(i(Rr)) ; DIN'I' closes and 
R4S(S1R) energises, hut not Rr. as its windings are connect('d ditlerentially. Por each 
opening of DINT the r'egisti'r makes a st(‘]), and all the register’s an' icturnKl to normal, 
after all digits ari'^n. 'LIu' register circuit is opened and Mlb{R') advtinci's to position 1<>, 
as ))r(*riously (U'serihed. 

WIk'U Al 1(>(R', Pig. 12b) arrives in 10, ami closes its MlO - 12 and KR^ j 12 contacts, 

circuit lOl is comph'ltd over AllO ; 12, brush J, P> wire, circuit 101 to irrain spring of L 
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of M185, then circuit c ovo;- terminal M, and a second circuit over corresponding contacts 
on the A wire (circuit 101), and thence by circuit c' over terminal L. R154 energises, a»id 
when DINT opens the circuit of the second winding, Rr energises. 

d, R/>(Q2R) energises. C<ircuit a is o[)en(Hl, thus leaving (tT 2R of stH.‘ond switch, Ra 

and Ra/ in series with the high resistance winding. GT2R and Rr/, de energise. SS MlH5 
advances to position 0. RL54 de-energises and MU) advances to })osition 1 1. R<7' and Kb 

remain energised. 

e. Lamp DL gh>ws to indicate to an o])erator that a subscriber has dialled a wrong 
number. 

/. A plug is inserted in the (‘.orrcs])ou(ling jack and R/(Ci2R2) energises, (‘ircuit d is 
opened, and the lamp c('as(‘s to glow. 

(j. Kf holding circuit. 

The caller is informed of his mistake and re-dials the numlxa*. If the caller's receiver 
is replaced first, the swi((*hes release in the normal way, witlu)ut metcTing, and Hf and Rrf/ 
de-energise. The test UTininal is kept busy until the o]M‘rat()r restores th(‘ key. R/ then 
de-energises. Should the operator restore her key lirst, then \if will remain energised over 
circuit g. 'Flie lamp l)L does not glow. When the calh'r replaces the receiver, the switches 
are returned to normal. 

Should the (taller notice and attempt lo rectify the mistake ))y rc}>lacing the receiver, 
the first switc‘h grou[) and register would release. The differential r(‘lay Rr would not 
energise, nor Rh, and (rJ’2R of the se<‘ond switefj would remain (‘uergised and hold its 
setpience sw itch ii\ ])osition (>. d’o r(‘lease the second switch, a circuit is com[>leted to a timing 
soquenc(' swdtcdi. 

Operation of a Dead Level Circuit where all Switches are in the same Office 

(Fig. 128). If on a certain l(‘vel of the 
first group switcdi no t nudes are con- 
nected, then a dead level circuit takes 
their place. If a caller dials a wrong 
lirst digit, th<‘ brusli(‘s will find this 
(arc u it 

(n) Ra(I(dv) and RU)(( iT'K) cma- 
gise over brush K, i 12 of first 
switch. Another circaiit short-circuits 
\id. MU) advances to position Ik 

(r) When the caller sends in the 
tho\isands iin})ulses, the fundaimadal 
circuit (it) is costal dished. Then l>IKT 
closes, R4H(S1R) energises, but tlu^ 
diffenaitial Rc does not. At each 
closing and opening of DINT, th(‘ 
registers step, and wdien all tl»e impulses art* s(‘nt in a.nd taken out, the regisUT returns to 
normal, while M Ui advaiwes to position U). Anothiu* circuit for one winding of differential 
relay Rr is complet(;d ov(*r circuit' UR and c\ MU) |- 12, brush J, and lor the ^sc(*ond 
winding of Rc over DINT Lrush I, KU) f 12. 11154 (‘iicrgiscs and M Ui advancc^s^ to 

position lb. When DINT opens, Rc emu-gises. 
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(d) \id f‘nort.fisfs and reniovos tho short-circuit about its high resistance winding. Ita 
is fiow in series with th<" 7,000 ohms winding of \Xd and de-energises. *Rfr)4 de-energises. 
MlO then advances to position 11. * * 

Lamp (dj glows at t he operator’s desk. • 

(/) The operator answers by moving the corres])()n<ling Rey, and Kf (‘iiergises. Tlie 
lamp CL (u^HstNs to glow. 

(g) Kolding circuit of \XJ. • 

Till* condenser in th<‘ o])erator's circuit pnwents Liri4 energising, aiu^ MlO remains in 
jiositiim . 

Wh<*n the caller rejilaces th(" receiver, the conn(*ction is released, as before described. 
H// de-en<‘rgises, but th(‘ trunk is kept busy until the operator reston's th(‘ key. K/ then 
de-iuiergises and th(‘ circuit is ready for a new call. 

Operation of a Dead Line Circuit (Fig. 120). Tli<‘ ti'rniinals o’l a final switch arc of 

a di.s(R)nncclcd suhscriher are conneett^d 
to a dead line (‘ireuit. 

(a) When siudi a lin(‘ is (tailed, a. t(‘st 
eircuit is completed over brush C', thence 
over circuit 110. IM40 iMicrgiscs and 
advances the sc(|ucnce ^switch of the 
final switch to the ringing position. 
MlOO, arriving, in jiosition 12. (’loses its 
K12 i 14. 

(h) Circuit 144 is then eompletcsl to 
the brush A', then over ciicuit />. 11144 

and \{f) eiuM’gise. II 144 advance’s MJ0.4 
into the talking ])osition 15. , 

(r) 1\6 icmains (‘nergised in sctIcs 
with HI 10 and 1M4I. 

(d) Lamp L glows a4 desk. 

(c) The operator dcprcss(‘s the c(»rrespondiiig kc\ , and lie cru’rgises. The lam}) ceases 
to glow. 

(/) Holding eii'cuit of Hr. 

11154 does not (‘iKUgise, owing to the conchuiser in the operator s circuit, and MlO 
remains in position 1 1 . 

• When the caller re})laees the n’ceiver, th(‘ connection releases without melering. When 
M103 o})ens its (112 17 and H12 1-17, the circuit at the terminal ('' is opiuied and Jl/> 

de-energises. If llie ojierator lias not restored her key, Rr remains emu’gised over e. , [f 
the o])(*rat()r restores tlu‘ key before the caller releases. Re rmiiains energised over/, until 
the caller does release. The lamp L does not glow. 
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Section 60 

THE WESTERN ELECTRIC CO.’S PANEL SYSTEM 

Development.— TIk* t’.ovdopmunl of the so-called panel type antoinatie system was 
started by the Western Electric^ Co., in eon junction with the American Teleplione and 
Telegraph Co.., about 12 years ago. The development had for its object the creation of a 
system particularly suiti'd to large ntdworks. A small equipment was installed in 1912 and 
operated as pari of th<- New Y(wk I'elephone (.d.’s syst4‘m. A few years later»two large 
central oftice installations wen^ placed in service in Newark. These installations were 
subjecttMl to the most careful investigation, and, as a result, the system was adopted by the 
Western Electric Co. in America for large full and semi-automatic net works. A few photo- 
graphs of*thc*Newark installations are re])roduced in tlu‘ following pages. 

The fundamental method of ojieration, that is, the revertivi* control of the switches by 
registers, is the same as in the rotary system. The essential difference, af)art from a con- 
structional point of vi(‘w, lies in tlu^ fact that the panel system ])ermits the use of trunk 
groups of any size iif) to 109. 

PANEL AUTOMATIC APPARATUS 

Panel Selector and Finder Frames. -A typical pami selector frame is sliown iji 
Fig. KIO. The seh'ctors. wliicl) are described later, are located in the centre. On eaijh 
side are placed the assocrialed se({uence switches and relays. The capacity of a full frame 
IS 00 selectors, ‘10 on each side of tin*, frame. The combined capacity of the five multiple 
banks is 500 lines or junctions. 

The lindcr frame is simihir l)ut smaller. 'Phe capacity of a finder frame is 00 finders 
and 100 to 000 junctions, or lines, <lepending uy)on the traflic. Finders may be operated 
with or without sequence switch(‘s, depending upon the (‘.irmiit requirements. 

Each row of selector frames is driven by two h.p. or J n.r. motors, connected to 
the shafting througli enclosed oil immersed worm drives of highest efficien(;y. One motor 
drives the seletdors on one side of the frames, and the other motor th(‘ selectors on the other 
side. 


Section 61 

OPERATION OF LINE-CONNECTING SWITCHES 

Selector Switch. -The switching ayipliance, known as a selector, is a switcli capable 
of making contact with any one of 500 sets of terminals, to whieh the switch has access. 
The terminals are assembled in banks (see Fig. 131), one above another on J in. vertical 
spacing, with midtipie contacts on a horizontal spacing to aciiommodate OO selector switches, 
30 on tlio front face and 30 on the back. The terminals appear before eaiih switch in three 
vortical rows. The centre row is fur the third wire local connection, the outer rows are.for 
tip and ring wire connections. The terminal banks are built up of flat strips of brass, having 
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projecting lugs along eacilupdge, which form the multiple contact points or terminals. Strips 
of insulating material are placed between the ])rass strips. There are 100 terminals in t7ich 
vertical row. •There are three rows of soldering tabs at ea(di end of the bank (shown in 
Fig. K12), by means of wluch tiu' brass strips forming the multiple contacts are connected 
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with the linf and local circuits. A close examination of the bank will show the vertical 
rows arranged in gnTiips of thriu*. As ex])lained above, ea-eli group constitutes the terminals 
for one switch. Five terminal banks are mounted in a franu*, one above another, Ao that 
there will be a total of 500 terminals in each vertical row, and all the terminals in a row will 
be Jiccessible to a selector switch, which is mounted in the same frame with the banks. 
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As explained above, there ^re enough vertical rows to aceoniinodate JIO selector switches 
mounted on the iro^it and 30 on the hack of the frame. They are mounted on 1 J in. centres, 
the entire franw being 42 in. in horizontal length and 1(»A ft. high. The selector switch 
has five multiple brushes (sw‘ Fig. 133) mounted on a l(»ng vertical l>rush sii])])ort or shaft, 
made of brass tubing { i.i. in diameter. The conta(*t springs of the liriishes sweep up and 
down over the terminals in the terminal banks, one brush for each bank. Th(" arrangement 
of the brush su^)ports and bruslies of tlie 30 switches 
mounted on one side of a frame can be readily 
seen in Fig. 133. TJie multiple banks are 
behind the brush supports, but do not show 
very well in the picture. Fight of the scdeetor 
switches shown have their bruslu^s in ])osition to 
mak*e contact with the terminals. The conta<‘t 
springs of the brushes span the terminals, tlie innei 
tw'o springs inaking contact along tlu* edg(‘ on each 
side of terminals in the centre row, and the out(‘r 
springs making contact along the outcu’ <‘<lge of the 
terminals in tlie outer rows. 

A rack is fastened to the low(*r end of the 
brush support, ftir the purtiose of giving an up and 
down movement to the brusht‘s. This rack is made 
of a strip of bronze 21 in. long, and j* in. wide. It 
has a number of slots forming teeth along the 
centre. These slots are \ in. and in. high, and 
except tlie upjM'r hv(‘, are on ^ in. ('entres, (‘orr<‘- 
sponding with vertical spacing of multiple terminals. 

In Figs. 13,*?, the switches wliiidi have moved uj) to 
make contact with the terminals, show the racks 
fastened to the lower end of the brush support. 

The four switches in the eentif* have their racks 
removed. The vertical moviunent is aceoinjilished 
by means of a magnetic clutch pn^ssing tlu* rack 
against constantly revolving cork- faced rolls. Th(\se 
rolls are nKunited at the botbmi of the selector 
frame, extending the whole length of tin? frame, 
and are kept constantly revolving by an electric 
motor. Fig. 134 shows the arrangement of elutelies 
mounted on a frame. The eork-fa(;ed rolls behind 
them can he seen whore the elutehes of tour 
switches in the centre have been removed. The 
frame shown in the picture has thr<*e rolls in front and Ihrei* in the back. The two lo^er 
rolls on each si^e revolve in a direction that gives the rai'k an upward moti 4 >n when pressed 
against them The top rolls revolve yi the oppo.site direction, to give tlie laeks a downward 
movement, which is used to return the lirush support to its normal potation whim a call is 
disconnected. The middle and toj) rolls on eacli siile revolve at a speed w hich w ill make t^J^ 
multiple brushes swwj^ over the terminals at the rate of bt) per second. The hotlom 
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roll driv(‘s t fio hnislu‘s at a ylowrr specil, and is used only ^or unit sejection in tinaJ 
seTectors. • • 

Tht‘ switctlies used in district, oHice. and incoming circuits arf‘ arrangl'd for only one 
up-drivc‘ sfM‘cd. Fig. 134 shows the construction of the clut^li for a selector with single 
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• ^ 

up drive spc(Ml. The lowest magnet, when energised^ pulls up the armature shown heiow 

the magiu‘t. The armature, through a heavy retractile spring, ])ulls up a hell crank* lever, 
on the short arm of wliich is mounted a small roller behind tlu' magnet coils. 'Phis roller 
presses against the rack and so presses the rack against the revolving cork-faced roll. Tht^ 
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centre magnet wliown in Kig. IIU is ior tin* down drive The upper magnet is called the 
trip magnet ; itT^ fiine.tion will he d(‘serihed later. * 

In the elutfh is a pawl, which slips over the teidh in the rack as th(' rack move's u})ward. 
Its object is to hold the* racl^up and kee'j) it from falling when tlu' pn'ssun' against the l(>wer 
r«ll is n'lnoved. The lu^ghT of the* mnitijile* hanks is so adjiiste'el that whe*n the* lae k is 
resting ein the paw'l, liy its he*ing e-ngage'e] in erne* of the* te'eth e>f the* rack, the multiple* brush 
cejntact spring}^ will ce*ntre on the* e*orre*sponeling te*rminals. Whe'ii the* down-elrive* magiu't 
is ene'rgised, the 4 )avvl is pulle'd away fiom the* te*eth, and the* rae*k is fre*!* to take a elownward 
meiveme'nt fi’eun the* uppe*r roll. • 

Ka,e*h se*le‘ed(>r swite-h has inounte'd in the* frame*, above the* toj) multiple* bank, a com- 
mutator. A brush, faste*n(‘d to t he* iippe*?* e‘nd of t he* b]*nsh sup])()rt . swe*eps ove*r t he* se*gnu*nts 
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of this eremiinutator with the ve'itieal nie>vement eif the* brush suppeat. A vie*w' eif this com^ 
mutator with luush meiunte'el at the te>p eif the brUvsh suppeirt is shown ejn rig. i:i5. 

The contae t springs eif the* multiple* brushe*s in their neainal peisitiein are* spread ajiart 
te> jfrevent the*ir touching the* terminals e>f the* multi]>le* te*rminal bank as t.he* brushe*s swe*e*p 
uf) and deiwn. The*re* is a small tripping le*ve‘r on the* brush which, whe*n ]>ulle‘el down, 
allows the* s])rings te> pre'ss against the* terminals. The brush (li) in the* e*eiitre eif Fig. 
sheiws its cemtact springs in the* neuinal eu* re'set e’emditieai. The brush (A) on the* le^ft shows 
its cemtact s])flngs in the* trij) e emelitiem. The* tripjiing leve*i‘ e*an be* se‘eui eaiJJie* centre* brush, 
just below the inner twe) cemtaet sheies anel em a line* between them. VVhe‘n a brusli is 
trippi»el, it will re'main so until ;e*sle)rcel te) its neuinal e'emelitiem by the a^'tieai of a re*se*t1e*ve‘r. 
This lever can be seen ein the* le*ft brush, sheiw n in Fig. 1,‘lb. Wit h the deiwiuvard me)venie*fil 
of the brusji, just before the brush suppeut ivaches its neuinal position, the* rc'setting lever 
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strikes against a bearing of the brush support, giving an upwardipressure on.th© lever, which 
resets the brush springs. At C is shown details of the trip rod and finger. 

From the above it will be seen that in order to select any one of the 5o0 lines to which 
the selector has access, it is iirst necessary to trij) one of the fivi- brushes and then move the 
brush up to the terminal desired. Directly behind the brush support, between it and the 
terminal bank, is a long vertical rod (considerably smalltu* hi diameter than the brush support. 
This is called the trip rod. I n Fig. 1 33 the trip nxls of the selectors on the left end of the frame 
can be seen behind the brush supports. Those on the right end are hidden by the brush 
supports. The trip rod i.s free in its bearings and can bo rotated about its axis. A retractile 
spring, holding a linger at the bottom of the rod Jigainst a stop, holds it in its normal position. 
There are five small trip lingers on the rod, so jdaced that when the trip rod is in its normal 
pijsition tluc trip levers on t he brushes will pass by on one side of the fingers, as the brushes 
mov(' up and down, without touching the fingers. Fig. 130 shows a trip finger (C) to the 
right of th(‘ multiple brushes, and the relative positi(_>n of a trip finger, with a trip lever, is 
shown in the J1 view of the right brush, which is a view looking directly down on the brush 
and linger, with the trip rod in its normal ]>osition. When the trip rod is rotated through 
an are of about- 30 degrc'cs, the trip lev(crs ])ass by on the other side of the lingers without 
touching. The trip lingcTs are mad(‘ so that they can rotate^ on the tri]) rod, independent 
of tli(‘ rotation of the rod itself. Th(‘V are h(‘ld by nunins of a retractile spring against a 
sto]) rigidly fastened to the rod. 33ie lower tri]) finger is lo(‘at(cd on the rod at such a height 
that, when the rack rests on the pawl with its highest tooth (*ngaging the pawl, the ling(T is 
directly opjiosite the trip lever of the brush. If, when in this position, t he trip rod is rotated, 
th(‘ fing(T will engage the trip lever and be held against it by its n^tractile spring. Now, if 
th(* elutcli is energised to drive the brush support u])ward, the tri]) finger, having no vertical 
motion, will give a downward pull on the trij) k'ver and so trip the first brush, and allow 
its contact s])rings to pr(‘ss against tlie multi])le bank t(‘rminals, as soon as the brush is 
carried high enough to bring the terminals in its ])ath. The s(‘cond trij) finger is located so 
that it can engage the trip lever of the s(‘Cond brush wh(*n the rack is resting on the pawl. 
If the trip rod is rotated with the brush support in this position, tlie first trip linger will 
])ass uiidei' the trip lever of the first brush witliout touching, while the S(*cond tri]) finger 
will bt* h(‘ld against the trip lev(T of the second brush. 

'J'hus it will b(‘ seen tJiat any one of tin* liv(‘ brush(\s can be Irijiped by first raising the 
brusli sup])ort to the required height, tluui letting it lesl wJiile the trip rod is rotated, and 
v\ hile the rod is in its rotated position, moving tlie brush support upward again. The lieight 
to which the brush su])})ort is first raised determines which brush will be engaged by a trip 
finger. The trip lingers below the one engaging a brush will pass under the (corresponding 
trip levers without touching, Mhcn the tri]) rod is rotated, while those above will pass above 
corresponding tri]) levers. The rotating movement of the trip rod is accomplished by means 
of a lever pushing against the finger at the bottom of the rod, and acting against the retractile 
spring, moving the rod through an arc of about 30 degrees. The movement of this lever is 
controll(‘d by a separate magnet, located on top of the clutch. (See Fig. 134.) 

The commutator (see Fig. 135) is composed of an insulating comjiound, into which brass 
s(‘gments have been moukkul. On one side of the commutator are three feed bars, through 
which electrical connection is made to the multiple brushes. , The commutator brush springs, 
and the multiple brush springs, are connected by w ires running through the inside of the tube, 
wdiich forms the brush su{)])ort, these wires being brought out at each brush. There is 
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another feed bar on the Hame side, which is connected to the central office battery, and its 
corresponding co\it?ict spring is stra}>ped t(> the contact springs on the otlier side of tfie 
commutator. As the latter contact springs travel over the segments, the central office 
battery is fed to them, onc^ftcT anotluT, thus forming an interrupter. The segments in 
the path of each spring ale, By their const rijcti(»n, joined together electrically, but insulated 
from the segments in the paths of other springs. Each spring, with its corresponding seg- 
ments, thus forms a separate interrupter. The objecT of tlu\se interrn}>t(Ts is to teed batti*ry 
impulses over thy selecting circuit to the sender, the number of impulses being de^termined 
by the number of segments travelled over by the brush as it moves ujiwards. The Segments 
are located vertically, so that tlu'v Ixvir a very definite nhition to the h(;ight the miilti[)le 
brushes have travelled. The interrupter used while brush selection takes jilace. called the 
A ii^terrupter, has its segments so located that when the brush support is in the jiosition to 
trip the first brush one impulse will have been sent. When in position to trip the second 
br«sh, two impulses will have been sent, and so on. The spacing of the segments is the 
same as the first five teeth on the rack. I'he spacing of the segments in the other interrupters 
will be determined by the circuit in which the selector is to be used. As an illustration, in 
the final circuit, after brush selection has been made, the next selection is for tens. H(‘ro 
the interrupter used has its segments spaced so as to give one impulse for every 10 terminals 

• travelled over by the multiple brushes. The interrupter used in units selection is sjiaced 

to give an inijuilsv, for every terminal passed over by the multiple brushes, while the seleetioii 
is taking jilaee. • . • 

It shouhl be noted that one of the eharacteristies of this system is, that the selector 

. switch depends for its movement on mechanical power, separate from, hut controlled hy 

• the selecting circuits. The impulses, b(‘ing created by the mov(*ment the selector as its 
brushes move upward, measure the distance the bruslH\s trav(‘l. As they ar(‘ transmitted 
ov(‘r the selecting circuit to the seufler apjmratus, they are counted hy it, and when the 
desirt'd number have been received, a circuit condition is established which releases the 
iifedrivo magnetic clutch on the selector. 

Finder Switch. - 'I'he finder switch is similar to the sekn-tor s\vitel», described in the 
preceding paragraph, but trij) rods are not necessary since the brushes rest in ])ermanent 
contact with the terminals of the multi])le hanks. EurtluTinore, the finder switch has but 
one set of brushes, instead of five, which set f)f brushes has access to a maximum of lOd lines 
or junctions. 
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CONTROLLING SWITCHES 

• 

Sequence Switch.— This apjilianet*, shown in Fig. 137, is used to .'it*(*omplish in the 
circuits what could he done with a -large numher <if relays. It has a shaft which c^n be 
rotated, and on which are asstmibled about in. apart a number of cams? Each (^am consists 
of two discs of phosphor bronze, separated by a disc of fibre. The three discs are securJy 
riveted together and rigidly secured to, but insulated from the shaft. Pressing against the 
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Hat sides of each cam art‘ four pliosplior l)rouze contact springs, Awo on each face, all making 
eonlaet on the same radial line. J5y cutting away the bronze disc in tiic'path of a sj)nng, 
that ])articTdar spring will r(*st on fibre inst(‘ad of metal, and so open its electrical contact. 
1'hus. it (am b(^ naidily se(;n that any eoinlnnation of electrical v'onneetions betwe^en the four 
s])i“ings can be (d)tain(‘(l for any [auiod of one revolution by cuiting away or leaving the part 
of the metal disc which passes under the eontacd springs as the cam rotates. The cams are 
divided into IS ecxual sectors of 20 df‘grees. Ea(‘h sector is known as a position. 

I'he earns ai'e asscTuliled on the shaft with the centre of the first position of all cams in 
lin(‘. When the contact s[)rings are on the radial lin(‘ through the centre of this position, 
th(‘ switch is said to b(‘ in position 1. WIkmi on the radial line through the centre of the 
si^eond ])osition, the switch is in position 2, and so on for the IS ])ositi()ns. The (collar on the 
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right of the shaft and tiu* })ointer oji the right eial of tin* franu‘ indicate at any time tlie 
])osition in which tlie switch n'sts. The switch shown in Fig. 127 is in position 4. 

The switch is jnounU'd w'it-h its shaft horizontal, ami at the lidt (aid of the shaft is an 
iron disc, fastcaied to f lu* shaft by means of a flexible spid(‘r. Imnualialely to tlu* l(*ft of the 
swatch, mounted in the same frame on which the swdteh(‘s ar(‘ mounted, is a (*onstantly 
revolving viTtieal shaft. On this shaft is rigidly fastemal an iron driving disc for each 
se(pi(‘ne(‘ switch. Fig. 127 shows the inanm^r of mounting the siapuMK^e switeluvs and their 
driving shaft. The outer edg(* of a driving disc just clears th(‘ sid(‘ surface of the disc on 
the, se(pience switch shaft, near the outer (^Ige of the latter. Bedwanm the vertical shaft 
and the disc on tJie S(‘cpience swit(4i is an (‘k'ctroinagnet fastened to tlu^ frame of the switch. 
Wlum this magnet, eall(Ml the rotating magnet, is ene?-gis(^d, the disc on the switch is pulled 
against the driving disc, and a rotating movenuMit is imparted to the swit(4i by the friction 
ai the contacting surfaea's of the two discs. 

The winding of the magnet is wired to different contact springs, according to the rerjuirc- 
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merits of the circuit in wliic^ it is used. In a ^iven position the eurrcnit to tiu* magnet is fial 
through one of these eontaot springs and, by this iiK'ans, the svviteli is started rotating oTit 
of the position. The object of this spring is nuTely to start the switch out of the position, 
its contact being opened Ix^fftre rea(*hing the next position, 'riuav must be some means then 
of keeping the switch revoKung by means of a special cam. Tliis cam lias a spring, wired 
to the winding of the rotating magnet, which keeps the magnet energised when its contact 
with the cam closed. 'Jlic cam is cut to open this contact when the switch is centered 
in a position, buUit is closed between ])ositions. There is also a mechanical centrimr device, 
made by having a roller spring drop into indtaitations along the outer edge of tlft? special 
cam. If the circuit conditions do not require the sequem^e switch to stop in any given 
])Osition, the sfiecial cam is not cut to have its spring open in tliis position, thus keeping 
the .rotating iMagnet energised and causing the cam to revolve right through the position 
without stopping. 


Section 63 

TRANSMISSION 

• 

The local transmission circuit, for connecting within (la* iimer zone*, will include the 
manufacturer’s standard n'jieating coil, and the potential of the battery supply will be the 
standard 21) volts. The refieating coil forms part of the connection circuit. On junction 
calls, both in and out, an additional repeating coil will be introduced at the t(‘rminating end 
of the Junction, as in present manual [iractiee. 

The toll switching truid^s will ineliidi* a repeating coil, which will be served by a potential 
of 48 volts. 

When a call is established through a semi-suburban jiosilion, the rep(‘ating coil in the 
connection circuit is cut out and, in place thereof, a repealing coil forming ])art of the first 
selector junction from tlu* suburban jiosition is ins(*rt(*d in the circuit. This repeating coil 
will be served by a booster battiTV of 48 volts. 

In order that sjuMual junctions, if necessary, may lx* jirovided for a portion, or all, of 
the tandem junctions, a sejiarati* Iraim* will be provideil for tlx* junctions from the suburban 
position. The jurxdions on this frame may lx* a multiple of those apjx*aring on the hxiaj 
frames, or all or a jiorlion of them may be indt^pendeiit of the hx-al junctions, as above 
stated. 

Tlie special reipiiremcnts of l(>ad<*d junction circuits and n*peaters may be met at aii^ 
future time by introducing into tlx* other switching and suburban jurx'tions sucli chang(*s 
as may be necessary . 

Fig. 1.18 *s a general view of an installation of the ])anel syst(*m 
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Section 64 

ADVANTAGES CLAIMED FOR THE PANEL SYSTEM 

% 

, Some of tlie essuiit«al ^t‘atiirus of the system, and the advantages derived therefrom (for 
both full and semi-automatic operation), may be briefly stated as follows : - 

Power Drive,- Kxe(*ptionally robust a])])aratus. 

Apparatus of greater range and usefulness — witness the r»0 to KK) junctions per bank, 
and the possibilities afforded liy the sequence switch. 

Reliable and powerful contacts. 

Freedom from vibration. It is known that vibration has a v(‘ry detrimental effect on 
cigitacts and on the permanency of adjustment. 

Minimum maintenance, due to said robust construction and ])ermanency of adjustment. 

Registers. — (Jri'ater accuracy, revertive (*ontrol, conlinuous liuiiting. 

ronverting lost calls into delayed calls, and increasing the ability of the exchange to 
handle heavy overloads without serious (‘fleet on service. 

Permits hunting over largi* groujis without decreasing the spe(‘d of dialling. 

Subscriber’s dial impulses into registers located in the associated office. The impulses 
are of uniform^ strength and accuracy, and are not affected by tht‘ number of branch offices, 
or satellites, or distances betwe<‘n tliem. 

Subscriber may dial nt maximum speed during the busy hour. * 

Indefinite icpetition of impuls(‘s without decrease in accuracy, du(‘ to the fact 
that successive trunk groujis need not opiTatc in synchronism with the calling sub- 
scriber's dial. 

Translation, permitting the grou})ing of mon* than 10b lines or junctions on a single 
switch. • 

f'acilitates grouping of otfi(‘es of dilferent sizes. 

Second and third grouj) sw itclics may he supprcss(‘d in any cxcJiange, wdien they are not 
needed. 

Takes into consideration the tirst or eont rolling digits of the number and handles the 
call accordingly. 

Sequence Switch. — Cir(‘at flexibility in meeting difficult circuit condnions. 

No power re([uired to maintain a s(*qiienee switch in any position. 

Positive and accurate contacts of uniform tension. 

Design. — There are no parts whieli can be termed ])erisliahle. 

Every part has a long life. 

Any part easily removed, r(‘})aired. or adjusted. 

Every j)ieee of ap]mratns is ad justed, both nu‘ehaiiieal]y and electrically, to prescrified 
specifications. 

Each individual piece may b(^ adjusted independently, and when a combination of 
them are assemblecj, tlie circuit is in operative condition with wide margins of safety in 
every direction. , 

* Double connection pra(;tieally impossible. A line or junction Js made busy *001" or 
002" after the instant of testing. 

Widp limits in battery jiotential jierrnissible. 
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All margins of safety are niaintained with any jjotciitial ])et^een 44 and 62 volts. A 
failtft’e will not occur, in most cases, between limits of 40 volts and 55 volts. * * 

Apparatus is self-adjusting, that is, unaviadable wear will not throw the Apparatus out 
of adjustment, 

Service and Traffic. — Aifords full and eornplete supervision of all somi-aulomatic 
connections. 

Permits evc^y stag(‘ of a call to be invt^stigated. 

Provides for various systems of automatic mekTing. 

Permits distribution of junction traffic to be accurately recorded. 

Permits the operators’ handling time and subscribers’ drag to be analysed. 

Permits the average holding time to be determined at any junction point. 

Permits simple re-distribution of junctions to meet the variations in traffic. 

Reduces the effect of false calls, and subscribers' drag, to a minimum. 



Ful l.'iu. Dim, with l.i’/rrEKs vnh Kioi rks as imp d mu r\\i;i, Lunomn. 

Full Automatic Dialling, 'riu^ subscriber's dial docs not reepnre close adjustment. 

Any speed between 1) and 13 ste])s ])er second is pc^rmissible, A dial, wfien once adjusted 
to normal speed, will remain betweem these limits for a long time. 

JN'o s|:)ecial dial speed adjusting apparatus is required at the central office. 

With a little practice, it is j)ossiblc to judge the speed of a dial by eye with sulhcient 
accuracy for all practical purposes. 

A* dial adjusted on a telej)ho]H‘ in the store room before installation will* not require 
re-adjustment when ilie set is installed. 

Fr(9ni numerous observations it may he said that the dialling tone is heard on 99q)er 
cenk of the calls in 1*5 second or less ; in other words, al»out as soon as the receiver is placed 
against tlie ('ar. After the dialling tone has been heard, it is impossible to dial too ra[)idly. 
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This is an important advj-ntage, peculiar to a system provided witli registers, and is due to 
the fact that a*rd^ister does not havc^ to Imnt for an idle trunk, it merely has to record the 
number dialled. The subsequent time required for liunting. and this may be noticeable 
during the busy hour, ha#, nothing to do with dialling. To illustrate the advantage of the 
.system over a system without registers, attention is called to the following table, which is 
based upon the result of numerous observations on a modern automatic system without 
registers : — • 


Trunk*^ 


e occurs wliou di.iUiuu: l)ii;its 


, 2 , 3 


3, 3, 

4 



-k 

4, 5, () 



2, 3, 

4, (), 7, 

H 


2. 3, 

4, r>, tk 7, 

8, '■>, 

0 

2, 3, 

4, r>, G, 7, 

H, y, 

0 

2, 3, 

4, 0, t>, 7, 

8, !>. 

0 


It will bc^scen that a failure occurrt‘d when the digits I, 1, 1, etc. were dialled as rapidly 
as possible, each time a selector had to hunt for the second trunk, that is, when the first 
trunk only was fiusy. A- failure occurred when dialling very rapidly a series of digits 2, when 
the first two trunks were busy. Similarly, a failure occurred when diaUing very rapidly a 
aeries of digits 3, when the first three trunks were busy. In fact, no matter what digit was 
dialled, a failure was bound to occur, if dialling was done too rapidly, when the firat seven 
trunks were busy. This table illustrates very cleaiiy the reason why a large group of trunks 
cannot be used per level in a system not provided wit h registers. 

The above table indicates very clearly the absence of any margin at the time element 
in a system not employing registers. Any tiling whicli tends to increase the time of hunting 
will increase the number of lost calls, or what amounts to the same thing, will reduce the 
efficiency of the ah*ea<is^ small trunk group. In this connection, particular att ention is again 
called to the detrimental efteet on service, which the introduction of concentration switches 
would have, in case they were used to increase the size of trunk group' in a system not 
employing registers. 



204 WESTERN ELECTRIC Ca’S PANEL SYSTEM FOR LONDON 

Section 65 

WESTERN ELECTRIC CO.’S PANEL SYSTEM FOR LONDOli 

The British Post Oflice have arranged to install a trial exoliange office on the panel 
system in G.P.O. (South) in the building (‘ontaining the present “ Central ” and “ City ’’ 
offices. The new equipment ill take all new lines in the area, and thereby relieve the present 
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manual switchboards, but, should the trial be successful, the existing ecpiipments Avill 
gradually be replaced. Other offices in London are also conteinplated. 

The calling numbers will he on a basis of a seven-digit number, but, to assist memorising 
and' to make the directory number .suitable for manual and automatic working during the 
long transition period, the first three digits will be re})lac*-ed by letters. The three letters 
will be a part of the name of an office, and will be followed by four figures. The letters to 
be used in dialling w ill be printed in bold type, as MAYfair 2, 103, (^ENtral 7,88b, Victoria 
3,820, and the like. * The dial will be marked as shown in Fig. 139. By an examination of 
tlie dial will be seen tliat IVIAY of Mayfair is ecpjivalent to di, ailing 029, and these letters 
dialled would call into tlie Mayfair office, and the following four figures would call the parti- 
cular line in that office if it were an automatie ofliee. While it remains a manual office the 

t 
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WESTOKN ELECTKIC CO.’S 


PANEL SYSTEM FOR LONDON 


(limits 2,1(>3 win actuate Rjjccial apparatus in connection with one or more specigl positions, 
arid^^glo’w four lamps to indicate the number rcquir(*d to be set up manuaKyj in the manner 
described in Section 5S on “ (’arriage Call working. Fig. 141 shows how suah a B position 
keyboard is arranged. ^ 

When f(jr sj^eeial reasons maiiuaJ offices are not (equipped with dialling devices the calls, 


UNE 
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from jnanual olliec‘s will be passed over order wir(‘s to a special B ])osition in the automatic 
ofbee. where an operator will set uj» the niimlxi’ desired on keys \iiiore particularly described 
in \ ok 2), to complete the eoniux tion automatically. A suitable keyboard is shown in 
Fig. 14(1. 

J he capacity of each automatic (dlice wdll be 10,000 lines. The* switches involved in a 
co» meet ion may be as sh(»wn in Fig. 142. 
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Section 66 

THE WESTERN ELECTRIC CO.’S PANEL SYSTEM 

• 

, Apparatus and Cimuits. -rnfurUiiialuly circuits ui' llic comiiicrcial are not 

yet available for publication, but an cndeaviuir has been made to make good ibis short- 
coming by reproducing diagrams from the availabj<‘ patent sjieeilieations. These will enable 
the reader to understand th(‘ fundamental princijdes, at least, and give a good idea of how 
certain results ca^n he attained, ahhough it may be found neiyssary afterwards to^nodify the 
opinions formed to some extent, whiai tla* ofli(*ial circuits bc(*om(‘ known. 

The circuits, generally, follow th(‘ lin<‘s of the rotary systmn. 

The circuits are built up and modified fnun tinu' to time as recpiiri'd by se([uence switches, 
a horizontal ^y])e, liowcvei*, la'ing usisi instead of th(‘ vertical tyjx’ shown in k'ig. 93. TIk’ 
dial im])nlses from tlu' subscriher ai’e receivctl on registers, as shown in Fig. 124, and these 
pass the comphanent <4 th(‘ imfuilses to the switches which, on tlu' nwertive control principle, 
send back impulses to cause tin* register to give up its impulse’s one by one until zero is 
reached, when the* swatelies are in the operative ])osition. Figs. 144 150 show a paiU’J 

switch in consideTablc detail. Tlu’ group switches and the final sw'itch are of 500 linens 
cajiacity. 'Fhe former automatically selects an idle line in gioups which may have 
as many as 140 lines in ea(*h. Hanks are provided for live such groups, th(‘ banks being 
suitable for sixty switches woiking thereon, thiity on each face. TIk’ liual switches are of 
500-lines capacity and. h\ the^(^ access is given to groipis of 1,000 sulistaaIxTs' lines. 4his 
n'sult would apjiear to he atlaiiu’d. in a maum’r similar to that hy which tlic rotary switches 
seh'ct oiK^ or ot lier of two groups of lOtrliiu’s, that is, hy translation, tlu' ])lus or minus train 
of impulses determining which of two groujis of iinal switches are to h(‘ used, when th(‘ cal) 
IS for an odd or ('ven himdreils number. The lim* switches are of the (idling line tinder type 
as before .*hut lik(‘ th(‘ other ^witeluvs have* vertical motion only. J)etails arc shown in 

which on(‘ of a jihirality of hruslies is tripjied, and that for tlie grou]) only in w hich tfie calling 
line is hxaitiMl. Metering or n’gistering of etfeetive calls has received (*arefiil consideration, 
and a circuit is given showing liow three kinds of services arc manipulated automatically. 

It is expirted thut further detjiils will he availalik* for Vol. 2. 


Section 67 

A WES'I'ERN ELECTRIC CO.’S .^OO-LINE PANEL SWITCH. 

One lorm of this is shown in Figs. 144 —150. This rt^sembles the cominiTeial forms, but 
does not i idl'cssarily agree in detail. It consists of a vertical shaft carj'ying a plurality of 
sets of wipers one* for (‘ach mam^grouf) of terminals of 100 lines. The sets of wipers are 
eomieeted in parallel. TIu^ shaft is o]Mu*a,ted by thret* driving pullevi^, (‘ach eapabl(*'of being 
clutched eleetromagnetieally to a continuously rotating shaft. Hy oJic pulley the slufft is 
lifted at^a comparatively liigh rate of sjiecxl o\(‘r groups of 10 s(‘ts of terminals, by another 
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at slow speecj ()v^er single s(jts of UTrninals to the line wanted, and by tli(‘ third the shaft is 
returned to norianfl. Tlie shaft is raised by an (‘xtension rod whieh run between a e^n- 
tiniJousJy rotating driving |)nll(‘y and an “ idler “ pulley. (‘Urlroinagiu'tieally controlled, to 
(damp the rod betw(‘(‘rj tla’btw'o pnllt*ys. 'Flu* shaft is k(*pt in the ojHTative |)osition by a 
tyothed rack on th(‘ driviing*rod (see Fig. 14t>). 

A s(K*(>nd parallel shaft (^ari*i(‘s t h(*tri])ping device's \vhi(di bring a particular set of wipt*rs 
into I'ligagemeyt. These are so spaced that wIk'U one is in use all the others arc' free* to pass 
th(‘ triggers. This shaft is rota-tiMl sufficiently by an (dt'ctroinagnet (45). 

Above th<‘ sTiaft is titt(‘d an interrupter j>lat‘‘ (Fig. 147) on whi( h bruslu's mak^ contact. 
Fig. I4K shows a eross-s(H‘tion of this on tlu' line (» ti on Fig. 147. 

The lint' t<*nninals are double* eneh'd so that tlu'V may be I'ligagi'd by wijiers of other 
shafts plae(‘(l on tin* r(*ar face. Fig. 141) shows this in di'tail with a ])lan of tlu* wijxTs. (*te. 
'Fhe upper*])arT shows a set of wdpers fri't* from, and tin* low(‘r part a s(‘t of wipers in (‘iigage*- 
m/rit with, tlu* line terminals. Fig. 150 shows a perspectivi* view of tlu* wipi'rs and tlu^ 
tripj)ing devica*. When the shaft is lift(*d, the wipe*!* engaging (*nds pass fiei'ly b<‘tw(*(‘n the 
lines of terminals. When the* shaft comes to rest, and tin* trip device* is o|)eiat(*d. tlu* wip(*rs 
by their own resilien(\\' move* inwarels anel make contact with the* t(‘rminals. 'The two inn(*r 
w’ijK*rs make* (“ontact with the same* terminal. 

'Flu* slots in the driving rod form a .scale* on which the* ])osition of the shaft may be* read, 
so that an attt*iu4ant can se*(* at a glance* the* re'lative* position eif flu* driving rod and the sha.ff . 

ddie* automatic* cou|>ling and driving de*vie-e* is forme*d as a unit which can be re'adily 
»le*tached and re‘plac(*d by snnply leiosening one* se*r(*w. 

hhirther dt*tails will be* (le*scribe*d in tlu* schedule of ]>arts whieh fe)llow, the* numb(*rs on 
the* li*ft b(*ing the refer(*nce‘ (le*signations of the* illustratie)ns. 

1, Wiper shaft. 

2. (jiuide* sl(*e*v(*s for shaft. 

FraiTu*. 

4 anel 5. Wiper carri(*r ])arts e*laniped to the shaft. 

0 and 7. (damping scr(*ws. 

S, 1), 10, 11. He*sdienf wdpers insulate'd freun cande*!*. J>y the resilie*ncy of the springs, 
S and 1) are force'd towards 10 and I I. 

12. Insulate'd shoes on wd})(*rs. 

1 Insulations to ju’e.serve space rclatie)nship. 

14, 15, 10. Se*t of line terminals. WifM*rs Sand 1) both e*ngag(‘ with terminal 15. 

17, Wi])(*r sedde*rmg terminals. ( '<anu*etieuis t<j tlu'se* aj-e* e*arrie*d in the* tubular shaft^ 

IS anel ID. \ pair of arms exte'uding freun edauip 4. 

20. Pivot [>in carried by IS. ID. 

* 21 and 22. Obleuig plate's fi.xe'd to pived 20. 

2:f. Pollers e>f insulating material fitteel betwe*e‘n e^pposite* e'uds of 21 and 22. 

24. Trip nu‘mb(‘i formeel by pivot ]>in 20, be'iit at right angles. * 

25. Pestoring re)lle*r on 24. 

20 and 2T. Inte'gral lugs to limit the backward and fe)rward me)ve*uu‘nt of 24. \N he*n 
k've'r 24 is in (*ngageitu*nt with stop 27, flu* redlers 2 ',* will engage* the* wipe'rs D and 10 re- 
spectively, and the* vvip(*rs of the set will be feucetl to the* inope* ative* ])osition (si'c u])piV half 
of Fig. 14D). 'Flu* pressure* ejf the wdp(*rs on the redlers will te*iid te) furtln^r eloe kw ise rotation 
and j)rev(*nt ae*cielental release. Fpon sliglit anti-eloekwise rotatieui ed' the tri]i device, the 

A.T.«. 











AITTOMATK TELEPHONE SYSTEMS 


‘ill 

wiper pressure will fonx" it- to Th(‘ })ositioii shown in the lower half of Fio. l-io, when the 
wipers will engtigc^ with tht tenninjils. 

2K. Trip ryd rotatively mounted in franu^ .‘h 

29. Trip pins in aligiynetit on the rod at progress! v<'ly iiu ic'asing distanees from th<‘ 
normal position of 24. apd^rranged slightly to one side of the lim* of tra-vel of 24. 

If the wiper shaft is niov(‘d upw4irds until a trip nuanlxa- 24 oeeupi(‘s a jiosition in tlu‘ 
same horizontal plane with its pin 29, and the rod he rotatcxl in a eloekwisc* dirtn-tion, 29 will 
(*ngag(‘ with 24 and rotate' the pivot pin 22, thus releasing the set of wipers. 

Only one' tft^) lever 24 e*an he* eaigageel at a time. 

.‘10. Sleeve* ne'ar the leivver enel e)f rexl 2H. 

31. Spring, eine enel see*ured te) sleeve JlO, whie*h tenels to reitate the* re)el 2S anti-ele>ekv\ ise 
to tu)rmal. 

• .‘{2. Kixe'et part te) which the* other enel e)f spring is se'emrenl. 

3‘1. Anedhex ])in ein sItM've IlO tei he* e'ligageel hy projee'tiem 94 em the pivoted armature 
9.*) of the trip magnet 9(». 

97. Project ie)ii to limit tlie play of armature 9r». 

VVlu'U the magnet 9(i is energiseel, the* ('xtonsiem 94 will engage* with the* pin 99 on the* 
reiel 2S tei redate* it e'loe kw ise*.* On the ele* ene*rgisatie)n eif 9t), the re>el will he* re'turne'd to 
normal by the* spring 91. 

Means are* [jreivieh'el tor raising the* wipe'i* shaft at elilfe're'nt spe'i'd^. anel for returning the*m 
to normal by pe)W'er drive*. , 

9S, 9S', 9S". ('on^tantlv redating elrive* ])ulle"ys in alignme*nt ein one* siele* e>f the* (*le*\ating 
bars 99. 

40. 40', 40". Jelle*r pulle'vs, ele*clre)fnagnetie*ally e*e)ntre)lle*el, asse)eiate*el the*rt'with, me)Uide*el 
^ in a re'inovable* frame e>n the e)j)posite siele* e)f the* bars 99. The* se*veu’al elriving me*ans are* 

substantially alike* ; but the* up-elrive ])ulle*ys redate at elillViH'iit ^,])(*e‘els. anel the elown-elrive 
])ulk*y re)tate*s in the* reverse elire'ctieui. 

41. Arms e-arrying an ielle*r pulle*y. 

42. llell-eTaTdv le*ve*r. 

49, 44. Armature* 49 ed clutch magne't 44. 

45. (V)inine)u piveit pin feir 42 anel 49 e*arrie*el by frame* 75, 7t). 

4(), 47. liar 40 has up]M*r e*nd se*e*ure*el tei spring 47. 

4S. Be)lt te) w'hie*h the* e)the*r e'nel ed spring 47 is a4tae*he*eL 

49. Nut 4S is aeljuste^el in 42 by this. 

50. Aeljusthig sciew threaeleel lhi’e)ugh armature* te> ke*e*p 42 in spae e'el rplatie)nship to 49. 

51. Kinge*r pre)je*cting fre)m 40 which neirmally re*sls ein })re)je*ctie)n 52 te) limit the* play of 
the armature. 

. When the clutch magnet 44 is ene*rgise*el, the ieller pulle'V 40 will e*lamp the e»levating 
bar betwa'cn the ieller anel elriving pulle'vs. * 

Whe*n the* e*lutch niagned e)f the high s[)e*e*el pulle*y is e‘ne*rgiseel, it is ee)ntre)lle'd indire*e tly 
by impulses eivatod by the inte*rruptie)n ed a eire*uit e*xteneling freun e'arth, thre)ugh plate 59, 
brush 54, ee)nflucte)r 55, brush 50 anel inte*rrupte*r 57. The\se impulse's may be* transnirtte*el 
to the sending meehAnism, ne)t she>w’n, which may aed thre>ugh a setpiefiee swdteh, reday, 
e)r inpny elesire*el manne*r, te) switch tfie supply e)f e*uiTe*nt at the ele*sireel me)me*rd, te) the«iutch 
magnet of the low s]>eeel pulley, e)r te) cut it off alte)gether. The* eurrent*te) the clutch magi^*.t 
of the low speed drive mechanism will be controlled during wiper selectie^n over a similar 
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jjatJi, with the exception that f)rush 5S and interrujder oi'j will la* substituted, and during 
ufcits selection tlu^ interrujder (H) will take the j)lae(‘ of tiH‘ inte/rupter r>,<). , 

(>l. Insulating j)late in ^hieh the several brushes an' rigidly secured ^to the yoke (12, 
which is lixed to the u]>])er end of the shaft 1 (see Kig. 14S). • 

Th(‘ o[)erati()n of the switch will be as follows , , 

J ht‘ low s|)eed eluteh will bc' ojx'rated to (*ause the eh'vation of the w'i|)er shaft for 
w iper .s(‘l(‘etion, the amount of travel, prior to the actuation of the trip nal 2S, being measured 
by the juilsations jirodue(‘(l by th(‘ interrujder ait The high speed clutch will then be 
(‘nergis(‘d to trail the wipers of the reh'ased set ov(‘r (he terminals by tens, hud the low spe(‘d 
clutch will be again (‘lu'rgised to continue the trav(‘l by units to the dc'sired terminal, the 
two hitter opi^rations bi‘iug gov<‘rned by th(* j)uIsalions ])rodueed by the interru])ters 57 and 
(iO resjiectively. WIkmi the desiriMl terminals are reaelH*d, the upward travi'l of (he shaft 
will be arrest(‘d by the d(‘-(‘nergisation (»f the clutch magnet, and tiu* shaft will. be held in 
its eh'vated jtosition by th(‘ engageanent of tIu* pawl (i.‘l with (he ludches or opi'nings (>4 in 
the elevating bar. This j)aw'l is jnounted on a pin (>5 cxti'uding through the plat(' 75 and tb, 
an<l is held in opiM’ative position by nutans of tIu* spring (i5\ At its lower i*nd it carrii'S a 
])in (ib, adapted to be engage<l by an uj)v\ar<l (‘xtiaision (>7 on the arfuatiin' 43', u|)on tIu 
(‘iiergisation of tin* down drive clutch magnet 44^ Thus, wIk^u ri4(‘asc is desired the electro- 
magnet 44 will Ik‘ (‘ncigist'd. retracting the ])awl b.‘k and simultaiK'ously forcing the bar .‘IM 
into ojK‘rativ(‘ eugagiaiUMit with th<‘ d(»wn drive* poweT pulh'v :1S'. 

As the shaft I ap]»roach(*s its normal posit ie)n thi* brush (iS will engage* the* segment (>!). 

I his may be* use'el to ea)mple*lc a e*u*cuit feu* a se([ue*ne*e* svNite*h. relity, e»r e)th(*i’ ele*vie.“e, W'h('re*by 
the circuit for the ele)wn drive* magnet will be* in1errupt(*el. Alse>. the restoring re)ll(*r 25, 
eui the* trij) l(*ver 24. will be* engag(*ei by the* e*am member 7b. 'Fins will re)tat(* the* wipe*!* 
e*e)nt reelling me*mb(*r in a e'lockwise* elire*e*t iem, whe'reby the wipe'rs will be* fore‘(*el apart and ‘ 
se*})arated fremi the statieuiary te'rminals, as she)wn in the u])pe*r half e>f Kig. 14b. 

The wi]je*r shaft is he)lle>w anel has the cire*uit wire*s 71 e*ncie>se*el the*re‘iu'. Branclu*s 
freuu e*ae*h e)l the*s(* wire's are (*xte‘nele*el te> the se)lele*ring te*rminals 17. e)f the* ce)rre.*sj)onding 
wi])ers e)f the* se‘ve*ral se*ts on the* shall, thus e*e)juiecting the* e'e)i*re‘sj»e)neling wipeTs of all the 
se*ts in iuiiltij)le‘. I he*se* wires te*rminate* in the* bruslu's 72. which e*ngage* the* ce)nelucting 
strijis 72, te*rminating in the* e*e)n(lue*te>rs 74, vvhere'by the* tclcjeheme* e*iiciiits ma\’ be JC'aelily 
e*xte*nele*el to the* brushe*s, anel the* e*e)rre*s|)e>neling brushe*s e*e»nne‘e*te*d in multiple*. 

44ieelriving me‘e-hanism parts are* meuinte'el in a se*])aratc frame* as a unit , le> allow e)fthe*JU 
be*ing re*aelily re*plae‘e*d b> loose*ning a single* se*re.‘w . 

75, 7(J. h'raine* of elriviiig me*chanism. 

77, 7S, 7b. Kxte*neliug arms, be*twe*e‘n whie'h are clampe'el the ceue pie*ee‘s e)f lljc iuagne*ts 
44, 44', 44". 

SO, SI, S2. She)w e*onslrue*tie)n e)f bottoju of frame*. 

S2. S4. Be*nt ))e)rtie)n of 75, 7(*>. feirming a tap(*ring sle>t. 

S5. Lugs feu* plate's 75, 7b at te»p, 

S(‘>. ()|K*niugs in bejtteuu parts e>f frame* 2 to aelmit S5. 

S7, SS. Sj)ring in re*ar e>f frame* te) e*ngage‘ with ajigle* l)ar SS te» juevc* :t vibra* 

tion 

Fb. Supporting me*mbers. ‘ 

, bO, bl, b?, b:3. Jlembe'rs with lugs be*tw'eeu which the arihature 25 is moiintoel b. 
e>f ])in b2. 
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^ 94. The Mntch frame i.j sec-ured at its lower end by means of a sinj^le serew 99, j)assi^i^ 
through the tapered slot S4 into a frame part at 94. 

95. (yiindi^cal ])rojeetion .on ii}>p(‘r end of bar 1^9. fixed in lower end of hollow shaft 1 
by means of the spring eatcli 9(‘). Bar :f9 ean thus be rc^adily removc'd, 

• The (‘levating bar Ilif is*mmb(‘r<‘d 10, 20, 20, ete., !(► notehes apart so that the relative 
j)osilion of the wipers and the (‘levating bar may be readily known. As shown in I'ig. 140 
a set of wipers ^\ould be found on the thirty first set of terminals of the section. 


Section 68 

BANK AND WIPER CONSTRUCTION OF PANEL SWITCH 

Th(‘ obj(‘et aim(‘d at is to arrange the t(Tminals in th(‘ bank in the most (‘omj)aet manner, 
to eliminate' wiring betwet'ii tlu' sets of t(‘rminals of adjaeent switelu's, and to increase tiu' 
adaptability of the switeli. 'I'he dc'sign shown in Figs. 151 155 i.s to form a bank thal will 

be suitable for (‘[ther tfin'e or four w ire's per eiremit, and to const met tin' w ipers so that they 
will not make eontaet with adjaeent terminals when jiassing up and down l)^‘tvv<'(‘n the rows, 
and will make' snitabh* ecaK iet when the wip(‘rs arc* trippc'd. with the i('sp(‘etive terminals. 

Fig. 151 is a front ek'vation of a portion of a bank panc'l with the* contacting (‘uds of 
tIu' wijK'rs outlinc'd in position. 

Fig. 152 shows four terminal stri|)s, and the* insnkiting slic'ets l)(‘tvv(‘(*n the* strijis ai*rang(‘d 
in sjiaeed relationshij). 

Fig, 15;i is a j)lan view of a sc't of terminals, and a s(*t of w i|)ers for use therc'w ith. 

Fig. 154 is a side (‘levation of tin* last mentiont'd. 

Fig! 155 is a ca’o.ss .section on thc' lim* 5 5. Fig. 151 shows the* wipc'is trijipc'd, and in 

transit fi’om one* .set of terminals to allot lu'r. 

S('hednl(‘ of parts as inmiberc'd in the illustrations. 

I. 2. 2,4. r(‘])r(‘S(‘nt tin* terminal .strips of a sc't fora line* having thc mnitiph'd c-ontact.s 
n, 5, r and d respeetivelv . The lugs or tabs on each metallic strip form mullipic' tc'rminals 
of the same conductor’ on both sidos of thc jianel, so that (*ach line* is accc'ssibk* to W'ip<*rs 
or brush(‘s on (‘ach side. Thc tc'rnnnals a. h. r and (/ c'cmst it ntc* one* s(‘t , r|nd arc* arrangc'd 
in superposed relation, but slightly staggc‘r<*d, .so as to throw the* contact edge* of t*aeh to the* 
U'ft and right n'spt'ctivc'ly of the* nnengagc'd portion of the* othc-r. 

. 9’he tc'rminals h and (/ an* arrangc'd on ojiposilc* side's of the* pair of tc'rminals c/ and c, 
and are spaet'd latc'ially therc'from in a mannc'r to allow the* passage* of a brnsli bc'twc'di 
each and the* adjacent terminals (t and r. 

5. Thc* shaft which move's longitudinally. 

b, 7, S, 9* The wipers of a brush .st't. A sc't per bank is httc'd to the* shaft. 

19. Jilocks or shtc's of insulating material (ittc'd at the* c'ud of c'ac'h w^per. In a rc'cc'ss 
is fittc'd the wiper ])art which mak^s contact with the tc*rminal. The* insulating slwies in 
are of such a size that they brierge the distance bt'twc'C'ii a-d jac’cnt lerminaTs in llic' vc'i’tical rov^s. 

I I. The eoncluc'ting strij) or w iper. 

For a Hlirc'e -terminal circuit the two inner wipc^rs arc* eonnc'ctc'd togt‘thc*r. 
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Section 69 

SEfOUENCE SWITCHES AS USED ON A PANEl, SYSTEM 

• • 

• The fiinetidii of the ^e([iieiue switeli (soni(‘tiines eall(‘(l a st(‘ei‘iii^’ s^^itell) is to 
autoniatieally eontrol a series of eireiiit ehanjres, t‘ither of the same device*, or of (iifferent 
devices in a. tU»iinitt‘ and |)n‘delei niined M‘([uene(‘. 

As shown i^i FijJCs. l.“in — l()(», the' form used in a jiamd sysl(*m is of a. horizontal tyjH'. 
A rotatable shaftfis monnt(‘d in a suitahh* frame, and eliscs of insnlatiiiL!; mate^rial twre* si‘(mreil 
to the shaft. On (‘ach side of (‘ach insulating disc is mounted a conduct injz }>late. each 
jilate hein^ cut away to jirovide a plurality of contact portions, 'riie tuo plat(‘s assoeiattal 
with an ins'.dntni disc are usually t‘Iect rically connected too(‘tlu‘r hy rivtds. A plurality 
of springs or hrush(*s is |>rovi(k*d for co o])eration vNith (‘ach conduct inji disc, and it is obvious 
that by jiroperly cutting away and arranging tlu* jdates or contact nu iuluas on the insulating 
disc any two or more of tlu* brush(‘s may lx* (‘het rically unit(‘d at any stage* of the* rotation 
of the* shaft. The^ switch is rotate'd in a manner similar to h^ig. Tb in circuit Kig. bO. 

The Positioning^ Device, 'rins (‘iisurcs that the* switch will be* accurate ly j>e)sitione‘el 
in any erne eif its many ])ositie)ns. '('his de*vice com])rise*s a metal elise* meamte'd em tlie^ 
rotating shaft, d'he* disc is jireivieled with a llut(‘(l e»r ceiriugate'd eelge. there b(‘ing one 
ceirrugation for e*ach ])osition of’ the switch. Adapte‘d tei engage the'se* e*ornigatie)ns is a 
detent de*vice, which cong»rise‘s a roller mountexl on a r(‘silie*nt sujiport. ‘'rhis d(*vice may 
also aed as an inte‘rrupte*r. and ope‘i*ate‘ in e*onne‘ction with the* peiwcr e iie uil eif the* unitor 
magnet tei maintain the* nioteu* magnet e‘ne‘rgise*d. and hence* the* switch in move*me*nt b(*tween 
positions, so as to ])revent the* swite-h from stopping be*twe*en positions. 'I'his interrujiter 
ele‘viee is formed by cutting a plurality of radial shits in said disc. aft(*r which it is supe‘r> 
impose*eI upon a disc eif insulating mat(‘rial of sinalle*!* diame'te*!'. A suitable* pair of brushes 
*ai‘e* preiviek'd, eine* of which r(*sts u[ion the* (‘(‘iiiral part of the me‘tal disc, and the* othe‘r, 
dui’ing*th(‘ rotation of the disc, alternately yiasse's through the radial shits of the disc and 
je*sts on the insulating plate be'hiw, and upon the* me*tal portions of the* eliscs be*twe.*(‘n the* 
radial shits, thus mte*rru})ting (he* circuit. 

Asscmhl}/.- 'V\iv eliscs are* |irovieh*el with sepiare* ct*ntral a]ie*r1 llre*^ which lit eive*!’ a 
M[uare sectiein of the* shaft, anel inte*rpeise*d be*(wee*n e*ach disc is a spacing sk*eve* of insulating 
mate*rial that insulate*s the eliscs from each e>the*r. As it is ek*sirable*, in some* eaise*s, toe*le*c~ 
tiically ce>nne*ct the contact mcmbe*rs carri(*d liy emc disc tei those* carrieel by anothe*r, the* 
>]iacing sk*e*ve* of insulating mate*rial may be* surreumeleel by a sk*e\(‘ of e efnelucting materkl, 
Avhich make*s contae*t with the* h)A\'er face* eif one* dise* anel the* u}ipe*r fae*e* of aneither. 

h'ig. ir)() is part sectiein and ]iart e*le*vation. 

Kig. ITiT is a see*tional vie*w take'ii em the line* '2 2 e>f Fig. irui. 

Fig. loS is a vie*w showing the* shaft with emc e»f the* insulating discs theae*on, and the 
condue*ting plates arrange*d for engageme*nt with each side* eil the* dise*. 

Fig. ir)<g is a, eletached jierspective A'ie‘w showing the* mounting braek(*t for a bru;;h set. 

Fig. HiO is a pe 4 spe‘ctive* view eif the positioning ek*\ie*e‘ ek*tae*he*d. * 

1'he feillowing is a sche’duk* e»i parts ceirrespemeling to the* symbols sheiwn in the illus- 
trafions ; — . • 

1. 1'he frame. 

2, Itight-angularly exte*nek‘el jiortieins on the frame*. 
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4. Yoke-H^iaj)e(l nieinWr at out* oiul of the arm 2. 

5. Prcjjectih/ shelf or lecl^re on the forward ed^e of I. 

h. The sicl which separates tlie ledge 5 from th<‘ frame 1 ((‘\e(^])t at ends). 

7. Square sluirft mounT(‘d between members 2 and 
• S. Bearing at one ehd T)f 7 in the member 3. The otlu^r i‘nd of this shaft is reduced am. 
serew-tlireaded. 

0. Screw -threaded portion o[ shaft. 

10. ()j)ening in h at th(‘ (Mid to r(‘c(Mve I L 

11, 12. Bed»t*(‘d portion 11 on th(‘ (Mid (*f the pin 12. The pin 12 (‘,\ttMi(K through 
openings in the frame 2 and tlu‘ re-bent ])ortion 4. 

13, 14. damp and scm-cw for abovi*. 

• IT). nisVr^of insulating inat(M-ial, non-rotatabl y mount(‘(l on 1 lu‘ shaft. 

lb. Condueting disc or jilate, om* on each sid(‘ of IT). Th(‘s(‘ ])lat(‘s have -(*gmenta1 
projections and (Mirved ( ul out ])()rtions, whereby movable conta(‘ts are [)i‘ovid(‘d. It is to 
be understood that tlu‘ various jilates will in geiuMal ditlcr from each (4h(M'. 

17. Rivets to s(‘(Mire the pla.t(‘s on tin* insulating disc and comu^ct IIkmu together elec- 
trical Iw 

IS. A pliu'ality of brack(‘ts ar(‘ siMured at th(‘ angh* Ix'twciMJ 3 and a. 

ID, 20. Scr(‘ws which (wtcMul through th(‘ slot b, which hold (h(‘ bracket paits in iMigage- 
ment with th(‘ ])arts 1 and 5. Th(‘ washer pr(‘V(Mits th(‘ head of th(' s(r('\\ fiom passing 
through the slot.* 44ils al](»ws of tlu' s(‘ts of brush(‘s IxMug r(‘adily adjusted. 

21, 22, 23, 2^. The portion of the bracket IS which is In (MigagenuMit with the l(‘dg(* a 
is ]>rovided with the right -angularly ('xt(Mi(ling portion 21. to which tiu* springs or bruslu^s 22 
» are secured by scmcws 23 and clamping j)lat(‘s 24. 

2a. Insulating s(‘parating pi(‘C(‘s for springs. Th(‘sc sjiiings ar(‘ airangiMl at ditlenMit 
levels. A^^show n, tWM» brushes an* provided for (‘iigagi'uuMit with tlu* (‘ontacts on (‘ach sid(‘ 
*of (*acli (lis(* la, and all t lie contacts arrang(*(l on om* skU* of the di.se IT) an* ^h'ctiMcallv united. 
h]a(*h bracket IS sujiports two s(‘ts of brushes of four (‘aeh. and thus cariii's th(‘ brush(‘s for 
tw’o adjac(Mit discs la. As shown in Rig. Ia7, the brush(‘s which (‘Ugage the contacts carried 
by the sanu* imdallic phile hav<* their ends positioix'd at ditfen‘Mt radial distances fr(»m 
the shaft 7, so that one will engage one set of contacts, as 2r). whih* 1 lu* oth(*i- will (Migage 
tlu’ outer series of contacts 27, 

2S. S])acing sleev(*s to s(‘parat(‘ tlie discs la. 

2b. Conducting sU*ev(‘s to unite plat(‘s of ditlenMit di.'>cs. 

30, 31. Disc with cylindrical rim having a .scah*. A jiointer .31 secured to the \ok(* 4 . 
These indicate the vaiious positions which tin* switch a.ssnnu^s during one n'volution. 

32, 33. J)i.sc with lluted (*dg(‘ of conducting mat(‘rial. 

34. Cut away portions lUMir lluted (*dge. 

3;"), 3b. A brush 3b is arranged to co-operate with the im])(‘rforat(' p<M'li()n«3a. 

37. A brush arrangiHl to co-ojieratc with the interruptions 34. 

38. This^construction may be used to complet<' the cin nit for the magmd 3S, b\ m(‘an< 

of which tJie rotatioq of t Ik* switch sfiaft is controlled, while the switch i^ passing from one 
position of rest to another. • 

*39, 4b. Mounted adjaecMPt to the jiositioning devie(‘. and at tht‘«(Mid of the shaft, is a 
disc 3b of He.xible metal having a plurality of substantially i^adially extending arms tb. *41, 
To the ou4er ends of this is secuT*ed an annular disc 41 of magnetic material. 
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42. 4.4. Frictioji disc rigidly fixed to the power shaft 44. j(. 

The controlliii^r magnet 4S is located adjacent to the disc 41. and is sd arranged that, 
iij)on its (‘iieigisaf ion, said disc w'lW l>e attracted against the resiliency of^its supporting 
arms 40 into forcihh* engagement with th<‘ rotating nnanher 42," and the shaft 7 will thus 
Im* rotated. * 

44, 4r». Nuts thr(‘ade<l on o])posit<“ taals of the shaft to clamp all ])ai‘ts together. 

40, 47. ( o-o])erating with the flut<*d (‘<lg(‘ 44 of the* disc 42 is a roller 4() Itcld in forcible 
cngagimuait with said disc by the s])ring arm 47. This operates to bring tlictswitch member 
to its (“xaU j)osition f»f rest, in case the energising (‘urrent for tlK‘ contr 41ing magnet 4S 
should b(‘ ( lit off too soon, thus (‘.\actly ])ositioning th(* contacts undiT th(‘ brushes. It also 
<>p('rates t(» prevent accidimtal displaceimuit of the switch mmuber. When it is desired that 
the switch nuMubi'i’ }»ass over c(Tlain positions, so that certain hrusli(*s ma.\>«icrely make 
passing cngagcuKuit with their contact'- or for otluu' purposes, certain of th<‘ interruptions 
oi [H'j'foratious 44 may b«* omitted. 


Section 70 

I'ANF.L SYSTFM CALKING LINE-FINDERS (Figs. 161-164) 

III multiple I'lUsh panel switch units, any om* of a group of lim's may he sei/aal hy 
corr(‘sponding hruslics, or wipers, of any (aie of a group of switchers. 

W Ik ' ll a. call is in it iated on one of t he liiu's t(‘rminat ing at a group <4 sw it (I a ‘s^, a tri}>j)ing 
dcN ice, common to the group, will he actuated, and is arrangc'd to r(‘l(‘as(\ or r(‘nder a(4iV(‘, 
the wipers iioi’Uially inactive which have access to tla* calling liiu' terminals of any of said 
switches which arc in tlu' normal position. Only one tripping dc\ ic(‘ can Ik* in the actuated 
position at a. tinu*. 'TIk* trippinji dc\ ic(‘s ai’c common to all tla* switch(‘s of a grou|>, one* 
tripping (h'vicc being p?(>\ idl'd fia’ all tla* brush sets having acc(‘ss to the sana* section of 
the panel hank. 4'hc tripping dc\ ici* for releasing tlu* d(*sir(‘d vet of hiuslu's is ojicrated 
])r'ior to th(' actuation of the switch. 'I4hs allows .s(*h‘ction to take |)lacc rapidly without 
preliminary hrush select ion. 

t Fig. I hi is a ?.id(‘ elevation ot one lorm of a otMtIine call-Hndcr jianci switch with parts 
hroken awa\, hav ing a common trip j-od. 

Fig lh2 IS a p<‘rsp(‘ctivc view of a portion of (Ik* triji rod, togctln'r with the frij) apd 
ri'storing l(‘vcj*s of a pair of hrush. o?' wip(‘i‘. controlling d(‘vic<‘^. 

44i(' folh'wing is a sclK'duh* of the various parts with nderence to the symbols on the 
drawings . 

1. 44ic lindcj- sw itch shaft, wliicli moves longitudinally. 

2. An extensum of I. by which it is raised and lowered. 

4. A constantly rotating powc'i* UK'inber. 

4. Idl(‘r ])ull(*y, li, ‘tween which and the* rotating m(‘mh(U‘4 the i‘xt(*nsion 2 i.s clamped 
or gi‘ip])ed. 

.7. Clutch magnet, which opcrat(*s the pulley 4. 
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0. \Vij)c*r, or finish, s(‘ts, of which then* are usually five, seeure(i to the shaft 1. (.\irre- 
s[)o^(lin^ brushes are inultifiled tojj[eth(T. ^ ' ' 

7. A section of a. terniiiial hank, with which a set of wipers is a(laptt*(l t^> traverse and 
make contact . • . , 

S. A lirush controlling device, hy means of which the wipers ^..re.prevented from making 
contact witli the t(*rminals normally. When this is rotat(‘d. tlie hrushes make eontaet with 
the terminals l)y th<‘ rcsilicMuy of the metal of the wdpers. 



!). TIh* tri|) lcv<‘r, one being secured to each controller S. 

10. The H'storing lever. 

11. Tri}) rods. Extending transversely to the shafts 1 of a group of sw^itehes are a 
plurality of rotatab|y mounted trip ro<ls, one for the corresponding sets (jf brushes of a group 
of switches. These art* ])ositioned just below the restoriug levers 10 of the brush sets when 
th(*y are in their normal position, 

" 12 . Yokes or r-sha])ed members, rotatably secured to tfie rods 11 , (iiie being provided 
for, and in opera! ivt* r(*lation to, t'ach of the trip lovers 9 adjacent thereto. » 
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K5. Spniiji?s, which have one eiul secured to the rotl 1 1 and the oth(‘r (‘ud t«) one of the 
yhkes, and tend tt) force t-lfe yokes in a clock -wise direction. * 

14. Stop!*»on th(^ rod which limit the trav(‘l of tlu* yol«‘s. 

15. A bracked ineinbw fixed to each of tin* rods 1 1 , near one tMid. 

I(». Armature to v\*liii*li th<‘ bracket member is s<‘cnr(‘d. 

17. Trip ma^iud. 


10 



13 

i-K.. ml. Si Hs< i{iiu:ns' Lim-:-; \ I*s\ke Systk.m riNDiat Switi ii (W. K. ('«».). Si:o» en<’K Swirii 

» roNTHOl.I.IM; (’IIU'CIT. 


IS. A link coniH^ctin^ tlic bracket member to tli(‘ armatiiri'. 

t^])on th(‘ cJUT^isation of the manned 17 and tlH‘ attraction of its armatiiiT* Hi, a coiTc- 
sponding rojJ 1 1 will be caused to rotat(‘ in a clock-wise direction. I his will places the ygk(‘s 12 
abf>ve, or in o})erat^v(‘ relation to, the trip levers h of all th(‘ sv^itche^’ of th(‘ ^rou]) which arc 
then in normal position. If, now, iinc of the shafts be raised, th(‘ tri]> h*vers and t lie restoring 
lev*ers are prevented by the yokes from moving upwards also, in the initial movement of the 
switeh. This will cause the levers to rotate* about their supporting j)ivots, thus moving tiui 
spacing membe*!* Ill from between the inner wipers of the* tj])erat(‘d swit<*h. 
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VVJkmi tin; ojicraterl switch returns to iioriiial the downward nioveinent i^i the brush 
cari"ia^j;es, to which the restoring k‘vers are jhvoted, caus(\s th(' levers to elig'.ige the trip rod 
and. ther(‘U])on, tlu‘ i<‘storing of the spacing nienibers Ih into their normal pcxntion, between 
the inner wip(‘rs. thus removing the wipers fnmi contact with the terminals. 

Figs. JO;!. 1(14 shov\ suitaf>](‘ cinaiits for controlling such a’ sv'rit(4i. 1’he circuits are 
numl)<*red in the ord<‘r of o[)eration, and ar<‘ as follows : — 

1 . WluMi tlie rt'ceiver is lifted line relay It' energises. 

2. Ifatterv is eoniU'cted through the brush-choosing cut oil' relay K2. wlijch is connected 
to the testct<*rminal of th<‘ c,all hnd(T. 

:i. 'riie ]oek-(»ut relay 113 energis(‘s. 

4. Start r(‘lay 114 en(Tgis(‘s. 

Itelay 114 is common to all th<‘ lines terminating in the several se(;tions of the panel 
bank of a. group of >wit(4ies. 112 and R3 are common to all the lines t(‘rminated in a section 
of the jianel l>oar(l. 

f). This circuit is opciKsl wliilst oiu* subscriber is calling, to prevtait otlua’ calls inter- 
fering at that instant, battery then being cut oil the common circuit. 

(i. Holding circuit for relays 11.3 and II I. 

(»'. 4’rip Jiiagnet Mb' emagises, in parall(4 with 113 and 11 1. and roljittvs the trij) r*od 441. 
so as to ]»lace the yoK(‘ V ov(‘r the lever L. of su<*h of the switc'hes as arc in normal position 
on that level. 

44i(‘ lindcT svitch next to be employtal is j)rcs(‘l(‘ct<‘d and only th(‘ srvjiicnce sw itch of 
tiris pre.selcet(‘d tinder is in ])ositiori I. 

7. Ib'lay 114 enci'gising <a»m]»let(‘s tire circuit for 117, wliich emagises. 

5. S(‘(juence switch SSS cner’gis(‘s and mov(‘s to ])osition 2. 

h. lip’(lriv(‘ clut(*lr rnagrud JMh <‘nergises to lift tht‘ shaft. As it leaves th(‘ noinial 
])osition th(‘ wiper set adapted to truver*s(‘ tlu* section of the pani'l rn which th(‘ calling line 
t('rminatt‘s is tripped by the* yoke V over the lev(T L. 

1(1. Holding circuit, for 117 over interrujrtea* segment. 117 is locked (»\er- the. brush 
10' and segment 10", e‘xce‘pt whe*n the brush 10' is on an insulate'd srgmeail (wheai it 
eh‘-ene‘r’gise‘s), whie'li occui’s when the wij)er‘s erf the* swite-h arc e'cntially ]>ositione‘d on a se‘t 
of teaaninals. 

1 1. Ibitte'iT conne‘cte‘d through re‘lay 117 te» the test wijrcr, 

44ie le*st terminals of all non-se‘e‘king line's arc ea)rme*cte*el to eerth. 

12. V.4ie*n the* test wijrer touche's the lirst idle* line*, relay KI2 ene'rgise's over circuit 12 
(11^ Ireing e*ommon *to a se’ction). and biH'aks the ceaicspoireling cir’cuit b. 

llelay 117 will be maintaine'd eme'rgise'd. alte'rnately threaigh brush 10' and through test 
wipe'r 1 1', until the e*alling line is founel. 

Whe'ir the e*alling line is found, and the* wipe'rs ce-nticel. 112 anel 117, whie*h arc conne'eded 
to tire* same* pple* of the* l)atte*ry, ele-ene'rgise*. 

If, in the* meantime, anothf*r call has been initiateel in the* A line gi’enip, the* cire*uit for 
113 will be* again eemipleteel anel anothe*r lin(*-lineler can erfrerate. 

Circuit S is again compk'teel anel SSS mervevs to jrositiem 3. 

13. The* cut-erir re*lay Rl3 oimrgises to open circuit l,^,and 11' ele eruTgises. 

14. 'Wire 2 is exteitjrleel threuigh the ledt-hand winding ed 112 te) earth. 

'Simultaneous Calling. --If subscribers A and A' call at the^ same time, replays 113 and 
113' will both energise (as in earcuit 3). 113 will erpen circuit 15, and thendry cuts, battery 
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from R3', so tiiat only oiie tri}) lUJ' ran rn<*r^is(‘. Ijrlay K4 is thru iMUM-^ised and outs 

battery from e^rqjiit 5, sojthat RJi' de-ener^ises. As soon as t[H‘ svv iU li scan Innii for^tlio 

A subscriber rraclu^s tlu' first terminal, K.‘t and 114 are released and tin* selection of A' will 

% 

take place. 


Section 71 

MESSAGE REGISTERING, OR METERING, IN A PANEI. SYSTEM 

• The jnijHCtant featnn^ of tin* eirenits, Ei^s. 105 — 1()S, th(‘ piovision of a controller for 
controlling the operation of the register or met(‘r in an aiiloinatie systmii, which controller 
is automatically assoeiatc'd with any one of a group of canincMt i(»n circuits, nsc*d in establishing 
the connection, to selectively control the" ojicration of the* calling subscriber s meter. An 
idle one of a jilniality of controllers is automatically associates! with the* connesting c ircuit 
usc'd. The circuits illustrate how metering is elfected on <lii‘ect exchange line>, JVJl.X. 
exchange line's, and how the* mete*!* is prcwcaitcsl from operating on non ])ay line's. 

.Eigs. H)5 ^JbT show' a (‘irc uit, (‘stablishesl thre)ugh a large syst(*in, be‘tvve*e*n statieens A 
and R. .Eig. ItiS slmws the me*ssage‘ ivgiste^r (‘ontreclling apparatus, which is eennmem tei the' 
connes'tion eircuifs, sometimc's callcsl corel circuits. 

The circuit isassumesl tei have' be'e'H ('xtc'iiele'el frenn A to B in any kneiwn manner. Eeir 
examj)l(', the' line' ma\ have' hc*en c'xtended to the' cadl-tinclc'r, in the* mannc'r sheiwn in Eig. 
by grou[) selc'ctors of the ty|)e shecwii in Eig, I4:k and to final sw itchc's of a similar type, thc^ 
eeiniiec'tiem lie-ing Iniilt up ste[) by ste|> by registers anel rexertivc eamtrol as shetwn in I’^igs. 
118 te) 1‘JA 

The circuits are* numbe‘re*d as follows ■ 

0. Line* c ircuit freim station .\ to re'pc'atc'r, in w hic h rc*lay Eo is e*ne'rgist*el. 

1. Line* ciic uit from callc'd station B to repc*atc‘r, in w liie h IE is e'lic'rgisesl. 

2. Kn cne'rgisc'd. completc's a ciie*iht for re*lay 112, whic h e*ne‘igise‘s 

Ib Third conductor circuit (»f a dirc'ct line', complc'tcd thmugh lit} anel meter Mill, in 
jiaralle'l. 

lb. Third condue-tor ciie*uil <if a line', e*om])le‘tc'el through IE>' and nie-tur M2 I, ^ in 

parallc'l. • , 

4. Sc'ctuenc-c' .^wite h SSI in po'^ition 15, whe*re' it will rc'main until the* ealling rc'ceiver is 
ret)lac('d. 

5. Iv5 energise's ove_*r K/ c'ontact. 

(). Ilf) loc'king c ircuit. 

7. Whc'ii the calling re.'e*civer is rc*j»lace*d ix'lay lit) eh' e'nc*rgise*s, the*n 112, and SS4 steps 
to posit iejit 14. 

S, llelay KS (Eig. IbS), of a incxssage regist(*r controller allotter (hi dotte'd rectangle), 
energises over contact of Rr> (Eig. lt>t»). 

1). Magnet M9 ejf an idle pnxsf*hx't(ul me'ssage register eontrollc'r^cord tinder energises, 
when the brushc's are rotated and engage the eoiitaets associated with the trunk, thro'igh 
which the connection was established. 
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10. lilO of MlvC energises (over eontaet of 115) and oj 
eii^^rgises and stops the brnsh(\s. 

11. Jlela-y Rl 1 energises. 

12. Ri2 energises over 113 (Fig. I(i5), and meter M13 in pandlel. 

13. Low resistanee shunt winding of K12, t(» inerease the cLiTf iit in the eireuit so that 
Ml 3 energises. 

14. MJ3 ojMTating l)rings in tlie low re.sistance parallel winding to still fnrtlier increase 

the current in tin* eireuit, so that tin* marginal r<‘lay K14 energises. ^ 

15. The dowui drive clutch magnet Ml 5 energises to restore the switch to normal. 

10. As the switch aj)])roaehes normal, the commutator brush 10' engages the segment 
10", and SS4 energis(‘s and movers to position 15. 

17. The down drive (luteh magnet M 17 of the call timku* restores the shaft to normal. 

IS. As the shaft approaelu‘s normal, the brush IS' makes contact with the segment IS", 
and SS4 ste])s to normal or subnormal |>osition as rlesired. 

10. At the time R 1 1 emugised in eireuit 1 1. R24 did not eiuugise owing t(j the resistance 
in the circuit . 

We will now assunu^ that tfie calling lim* is in a P.B.X. group as shown at A' when the 
wire 3' is eonn(‘eted through relay R3' and m(4er M2i iri parallel to 4S-volt battery and 


)en| eireuir u, ^o ;^nai iuv» ue* 


earth. 

20. TIk; (unrent in this einujit is assisted by the current jlowdng in circuit 10, and 1120 
noW' energises aird cuts out of th(‘ circuit the resistance of relay R12 winding. 

21. Low^ resistance shunt winding of R20 to increase* the eurriMit, s(» that the meter M21 
tMiergises and registers. 

22. M2l energisijig, brings in the shunt winding to inen^ase tlu* current still more, so 
that the marginal relay RI4 energises to comj>lete eireuit 15, wluai the selector and call 
finder ar(‘ rcieased as befor<‘. 

( 'i/'cvifs for a station arr shown at 11' . ' « 

23. The circuit of line IV from instrument to re])eater. The ( ondenser r, at B', is then in 
series witfi tin* eoniu'ction eireuit rtiay R', so that R' does not (mergise. 

24. 1’he circuit for R24 depends <ai whether IV is a direct line or a lim* in a IMVX. 
group. As the battery at the s(‘(pa*nce switch contact 24' is of 24 volts, and that associated 
with relay RH24 is 4M volts, R24 and RiR24 will be energised whether connected to battery 
or to earth. 

Ak ivlay R' does not energise on a non-pay call, the circuit; of R5 i> not eomplet(‘d. R5 
therefore remains fle-energised, and circuits 8 and lO are not completed. 

Now when tin* caller re|)laces the receiver, SS4 moves to position 1 4 as before, but the 
register controller will not be (uiergised. 

25. Th<‘ down-driv(* clutch magnet MI5 is energised ami th(‘ lelea.Ne is as betor(‘ 


described. . 

The message register controller shown at Fig. IbS. A plurality of such controllers would 
be provided, the allotter M24 functioning at all times when at rest to maintain an operative 
circuit direct to jiii idle controlling devic(L Assume now' that the brushes ‘of the allotter 
M24 are on contacts individual to an idle register coijtroller, and that a successful call is 
ilisostablished. This w ill cause the energisation of !*elay R8, which will complete a circuit 
foil’ the motor magnet M9 of the cord finder switch arm 89 as before described. When the 
cord tinder engages, the contacts of the desired trunk line relay RIO will be eneigised. 
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26. Tlic allotter moves from set to set of the eontaets individual to the registei eoii- 
troller. The allphter M24 ^ill continue to rotate until its hrushcs engage the contacts t<f an 
idle register cor^troller. As the c.ontacts of the-second register controller may be engaged by 
the allotted, befor^ the trunk *set[uence switch SiS4 has moved out of jiosition 14, a second 
cord finder, corresponduig^to Sh, may be started into operation, but on account of tlu^ 
marginal character of the stop relays RIO, the relay RH) of the second cord tinder will not 
operate whenjthe brushes of its cord finder SO engage the contacts individual to the trunk 
through which yie connection is being disestablished. 
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Section 72 

THE WESTERN ELECTRIC CO.’S SIMPLIFIED METHOD OF CHANGING-OVER 
FROM A MANUAL TO AN AUTOMATIC^ SYSTEM 

In an (‘xisiing large manual system it may be desired introduee automatic working, 
hut the huge cost may firevent the conversion being carried out as expeditiously as efficiency 
demands. Again, much of tiic manual plant may be comparatively new, and it may therefore 
be considered advisable to delay tlie conversion of such offices until the less efficient plant 
has been replaced. The conversion may thiTefore be spread over a number of years. 

A feature t hat is considered objectionable by the subscribers is the change of directory 
numbers which usually follows the introduction of a change of working or concentration of 
plant and the like. 

The W. K. (V),'s n(‘W arrangmnent is designed to simplify such a change over to full 
automatic working without (diaiige in tlu‘ subscribers' numbers. 

The system to b(‘ <lescribed supposes a manual system eatiable of extension to 70(b00i> 
direct exchange lines which it is jiroposed graflually to r(‘place by automatii^ working. This 
total may be sub-divided into 70 offices, each of 10,000 lines, or a greater number of offices, a 
(ronsidcrable proportion of which arc of smaller capacity. .Kach offict* is numljcred from 0 
upwards, the largest offices numbering to 9.900. llie maximum numben of digits in the 
existing nurnbcii-i is, tluaxdorc, usually four, prefixed by the name of the oflipe. as for exam[)le, 
(fcrrard 4,444. As th(‘ numbers begin with 0. there will also be Xierrard 4, (ierrard 44, and 
(Jerrard 444. 

In a full automatic sysU'm the number of digits is usually uniform in each subscriber's 
designation number. 

The new arrang(‘in(‘nt provides for calling numbers with varying series of digits, as in 
the examples given above. ' , 

The aiTangement assumes that the necessary selectors and connectors art' provided in 
each manual offict^ so that the subscribers can be called automatically from any automatic 
office, or that- the incoming junctions on manual positions arc etpiippt'd with their dt'vice for 
displaying on lamps the number of the desired connection, the lamps, corresponding to the 
digits dialled by subscribers on the automatic exchange, being illuminated (as described in 
Section 58). 

The dials carry letters and figures as shown in Fig. 139. 

^ The capacity of 700,000 is arrived at because the digits above sevtui are requii'ed for the 
working of the system. The initial digit 8 is associated with, for (*xample, the letter H, 9 
with K, and 0 with L. Kigiires 8, 9 or 0 cannot, therefore, be the first digit of a subscriber’s 
number if tlu* wdioh* were expressed in figures. 

The Cerrard office may be allotted the numbers 20,0000 — 20,9999, the digits 20 being the 
office prefix, corresponding to the name Cerrard. To facilitate calling and memorising, the 
number prefix 20 is preferably replaced by letters. 

Tn a full automatic number scheme it w'ould be necessary to dial, r.i)., BL0004 for 
rierrard 4, BL005i4 for Gerrard 44, BL0444 for Gerrard 444, and BL4444 for Gerrard 4444. 
It is desirable to eliminate the valueless ciphers, and tfiis is accomplished by introdueyig an 
additional letter prefix, and the arrangement then becomes : LBL4 for Gerrard 4, KBL44 
for Gerrard 44, HB1 j 444 for Gerrard 444, and BL4444 for Gerrard 4444. 
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^ When tlie hrsl letter dialled is L, the numerical suffix has Ivit one digit, but the device 
is so controlled as to bring about the selection whkdi would have been produced by the elimi- 
nated ciphers. Similarly, when the first letter dialled is K, tlie number has^w^o digits, and 
when the first letter dialled is II, the number has three digits. * ' 

The following is suggested as a method of directory listing for joint manual and auto- 
matic working : -(Tcrrard (LBL)4. (huTard (KBL)44, (lerrard (HBL)444, and Gerrard 
(BL)4444. 

After the whol(‘ system is coin erted to automatic working, the name would be omitted, 
and autoffiati(‘ practice reverted to. 

It is ]H*ef erred that the transmission of impulses for the first digit H,K or L should set the 
first register to a position corresponding to the number of imf>ulscs transmitted. The 
register, by moving to that position, causes a discriminating s(^r[uencc switch t(. be moved 
to a jiarticular position depending ii|)on the jiosition to which the register was set, in a 
manner to be des(;ribed. 

A sequence switch controls tJie connection between tlie r(‘gisters and the line lelay 
receiving the impulses, so that certain siicli registers are jiassed over, the number thus passed 
over depending on the valu(‘ of the prefix 11, K, or \j. 

In the diagram (Fig. 16h), ID represents an impulse dial at^ a subs(‘rib(*r‘s office. N 
represents, diagraniinatically a sideetor or group switch. D is a register-controller control- 
ling access to a district of, say, 100, (ttk) lines. 0 is a register controlling an office in such a 
district. Th controls acei'ss to a group of ],()()() lin(‘s. II (;ontr(>ls ai^cess^ to a group of iOO 
lines in iJie abov^e group. T controls access to a sub-group of 1() in the above JOO. ( con- 
trols access to a liiu* in the snb-groiip of lU. M21 is the spe(‘ial dl^crimi naihuj se([nence 
switch wliich det(‘rmincs the registers that are to be inclfei'tivi'. 

'Phe impiils(‘ dial ! D s(‘nds impulses (qiial in value to the digit (JU impulses beiiiti ^t‘nt 
for 0). 

Tli(‘ group selectors arc operatiul on the reverlive control systinn. 

It will b(‘ r(‘adily understood that the arrangement may l)(‘ appli(‘d to systemi^s greater 
or smaller than 700,000 lin(‘s. 

'iMie circuits (Fig. lOO) are numbered as follows : — 

Calling a Number with Full Numerical Suffix, as Gerrard (BL)4444.- 

1. When th(' reec'iver is lifted, relay 11' energises. 

*? . ( kuTciit is through both windings of K2 (differentially w ound) w Inch does not energise. 

2'. Sequeneg switch M2' moves to position 2. 

3. SS M2' local control circuit. (Vmtact (^2 opened. Current over circuit 2 only, and 
B2 (‘uergises. 

4. Dialling tone given to caller. 

f). M5, 100,000 district register D, energises and moves to jiosition 1, and stops th(*re till 
t he caller dials. 

(>. MT) local control circuit. Upper wiiuling of K2 is also short-eirciiited. 

'Phe subscriber calls B (or 2). 

Belay JV de-energises during the lirst sJiort interruption. Circuit 2 is open, and B2 
de-energises. The subsequent energisation of H/ closes circuit 5, and register 1) movys to 
pcisition 2. J12 is again short-circuited in circuit 0 so that it energises in position 2. 

'Pile last, or longer, interruption of the digit (B or 2) de-energises B2, and is al‘-o of 
such duration as to drive SS M2' from the set^ond to the sixth position. 



AUTOMATIC TEUEniONE SYSTEMS “i.Jl 

» • • 

The second dufli L or L) i** dialJed. This calls into the ton thousands oi* office register (). 

7. The opA atioii is al before, M7 being set circuit 7 and SS M2' being moved^nito 
its }H)sition 8ji 

S. When the ihird ddfit 4 h called ^ the thousands register T)i is set, in position 8 of the 
•sequence switch M2'. * * 

9. When the fourth digit 4 is called, the liundreds jegisttT FI is set in position 10 of 
8S M2'. 

10. Whendhe fifth digit 4 is called, the tens register T is set in [)o.sition 12 of SS M2'. 

11. 11 hen the sixth digit 4 is called, the uniis register U is set in ])osition 14 SS M2'. 

12. Wlieii SS M2' moved from position 14, on the comph'tion (4 the registration of the 
units digit, it closed tlie se([uence switch contact rU2, and a circuit was completed for tlie 
owtgoinj^.s\‘q!.uaice switc Ji M12 in its normal })osition (])ositi()n 1), tliereby initiating the 
controlling operations (as described in Sections 4:5 and 54). 

i;5. In SS Ml2 position 2, th(‘ fundanuMital circuit 12 to the s(*le(‘loj‘ switch is adapteil 
to peii^orm the first selection operation. Th(‘ circuit is closed at Cltl. 111:5 (‘uergises and 
d(‘-energises int(Tmittently ((J'14 being closed). IM4 (outgoing ditTej’cntial relay) op(‘rat<*s 
as elsewhere described until the register I) is restored to normal. 

15. Register D is restored to normal by the cut-off relay Hl5, and SS Ml 2 oj)erates 
to terminate the selection. 

The secoiul select ion -cm >ntrol o])ei‘ation follows, in the fourth position of SS M.12. This 
o])eration is tculninatcd, c<msequcnt upon the tijst revertive impulse /(‘ceived from the 
selector switch, the register* () being in position 9. 

The third or thousands selection (control o})eration bakes place, undta the control of 
th(‘ thousands register Th, in ]>osition ti of SS .MI2. 

10. Register .Ms (Th) control circuit. 

'the ]iundr(‘ds s(‘lcction control optTation is under the control of the n^gist-ei* H, in 
* positicai S of SS .M 12. 

17. Register .Ms (II) (‘ontrol (arcuit. 

The tens selectioji control operation is under the control of the register T, in position 
10 of SS M12. 

18. Register MlO (T) control (urcuit. 

The units selection control operation is under control of the r(‘gi^ter U, in position 12 
of the SS Ml 2. 

19. R(‘gister Mil (R) control circuit. 

20. 'the Mspiencc switch Ml 2, in returning to normal from positioif 12, closes cont».c4. 
(^20, to initiat(‘ the moveiiKMit of SS M2' to normal. 

The entire e({ui])ment is again at normal. 

Calling a Number with a Three-digit Suffix, as Gerrard (HBL) 444. 

register .D must be s(‘t in ])ositior^ 2, register () in position 0, ri‘gister dduin ])ositif)n 0, 
and H. T and V i]i ])osition 4. 

Registe^' Th is unalfecUal and the otluT registers are oj)erated as lad’me. , 

The tirst regist^M’ controlha* is. as a prernninary. operated to (jaus(v1he discriminating 
seqiKMice switch M21 to tak(‘ an r>p])ropriate position for omitting the r(‘gister Th, or the 
H'gisters 'th and O, or the regist(*rs Th, H and 'F. as thf' case may i\^[uir(‘, from the s(‘tting 
o})(Tations controlled by tht* line relay R'. * 

'Fhe first dieit to be tiansmitted is H (or S), and the regisba 1) i> set to position S 
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21. As tho SS M2' jmsHes from position 2 to 6 it closes, in positiiins 3 and 4, circuit for 

M2i, which energises and advances to })osition 4. 1 ' / 

22. In positions 5 and () of SS M2' register J) is restored to normal, or pijsition 0. The 

register D is now ready to register the next digit transmitted, 'wlvch is the first actual digit 
of the numerical d(\signation of the <h‘sired line. . , 

23. (Vnitrol circuit of register I). 

24. After the register i) has been set, the register O is set as before, with SS M2' in 

position 8. ^ 

When^the register () is set, and the discriminating SS M21 in i)OHiti(^)n 4, there is no 
circuit for the regist(*r 1’h. 

25. (.Vintrol circuit of register H. 

Registers T and V are s(‘t as befor(\ 

The registers an* thu.s set to call the number 200,444 (Gerrard 441). 

The selection -control o}>erations are as before described. 

Calling a Number with a Two-digit Suffix, as Gerrard (KBL) 44. -The registers 
^rii and H are unafiected in the setting operations. 

1'he transmission of th(‘ jireliminarv digit K (or 0) places the register I) in position J). 

20. (\)ns(Hjuently tlie discriminating SS M21 is moved to its ])osition 3. when SS M2' 
passes throngli positions 3 and 4. 

Register I) is T'(‘storefl to normal, ov(‘r eireiiit 22, when SS M2' passes positions 5 and 0. 

.Ri^gisters 1.) and 0 are then sid, when SS M2' passes positi<)iis 0 and 8 respectively, 
by the next two sets of inifinlses transmitted. 

Witli SS M21 in ]>osition 3 no eii'cnits are elosed for the registers Tli and H. 

27. Register T is energised by th<" tens impulses. 

28. Register T is energised by impulses in position 12 of M2'. 

20, With SS M21 in position 3, SS M2' i.s driven throngli its ])osition 14. 

Th(‘ number 200, <M4 (Gerrard 44) has lieen set. 

Calling a Number with a Single-Digit Suffix, as Gerrard (LBL) 4/— Th(‘ 
legisters Tii, 11 and 'I' are not set, in a manner as previously deserilied. The ])reliininary 
fligit L (or 0) sets the register I) in its zero position and eauses the (iiseriiuinating SS M2l 
to be set in position 2. 

The effective setting of register 1) takes place in aceordarue with the first actual digit 
fi.r> designation of the desited iiumher, in jiosition (> of the SS M2', as before described. 

Register O is set for the n(*xt digit, in iiosition 8 of SS M2', as before. 

In jiosition in ‘of SS M2' regi.ster T is .sid for the .single digit (4), 

There are no eirenits for registers 'fh, H or T in position 2 of tlie discriminating SS M21. 

The niimlxT 2(10,004 ((jlcrrard 4) has been set. 

.30. SS M2' will pass through jiositions 12 and 14. 


Imthv .»,4M ic^tomatie system jmiposed for London and New York a thre(v|etter prefix 
with a four-figure Su’iffix is c*ontem]ilated. The prefix consists of the first three letters of 
the name of a manual office and the dialling of these routes the call to that jiarticular 
centre ; and the dialliivg of the four figur<‘ suffix eoiineets wiHi the jiartieular line in t‘he 
particular office. See Section 05. 
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Section 73 

*rHE LORIM^R AUTOMATIC TELEPHONE SYSTEM 

• • • 

. Each section of thLs* afttoinatie system constitutes hy itself a com|)lele unit that can 
tie used as an exetianj^e for 100 sul)serii>ers, oi\ in connection with othia* sections, nia\ be 
Uvsed for an exi*hauge of as many Inindreds of sub-stations as then' are siations. hor an 
exchange of 1,0I|0 sub-stations no addition to each of the 10-unit sections employed would 
be requirt'd. Wh^ui the exehciiige is extendetl to a second thousand, it is oidy ^U'ct'ssaiy 
to employ upoil each sub-division tif each section an additional odoro/onr/or, a duplicate 
of the intereonneetor which would be employtal with the t'xt'haimt' wht'u organist'd to 
aec(^>mmo[h\tt' ItHl subst'ribers. tir any grcatt'i* number up to 0!Ml 



Flu. 170. SKia.biTuN IUauham (>m-, Si:ctm»\ \ r^oai.MEit IOxciiam-v, 
ONLY Five oe the Ten IUmsionx of Fonnectinu Aui*\|{ATi >. 


. In the skeleton diagram, Eig. 170, the jirincipal parts for tiv<* divisions of one st'ctiori 
of 10 are shown. The ])arts are thus di'signated . 4 is the jirimary connector ; o is the 
rotary switch ; <> is the signal transmitter controller : 7 and S thi' two int?*i;connectors 
respectivelv for tiu' first and second thousamls of the exchangi' : 0 the secondary connector ; 
10 the deeiimfl indicator- 11 tlu* decimal register controller, and 12 the division staVter. 
Fig. 171 show.s a gem»ral view of the apparatus as installeii at Hereford. * 

Pcfore describing in detail thf* several parts of a division, the construction of a 
(‘ylinder switch and clutch, and a register swatch suitable lor various paj’ts, will bi* ti\jsl 
described. 
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(cylinder Switch. — KclV‘mn^^ to Figs. J72 and I7:{, the d\(‘d conlacds HO^air pieces of 
iVr or sli(‘(‘t metal seeiirt‘d in plaster of Paris or otlier insuJatingJ iiiateriah < In the diagi’ams 
tlx* (‘(aitaet ends of these pieces are shown l)y eireles. 'FheMr inner (*nds pn^^eet for engage- 
mejit hy the switch hrushes, ^^hil^‘ their outer ends are left fr(*e for th(‘ attaeliin MU of wires 
or conductors. Th(‘ eylindca- shown has 12 longitudinal rows* of' contacts (HI, eac fi row c^r 
ring containing 44 contac'ts. or four ((uadrants cjf 1 1 ccmtacts (‘a(4i. Four cf)rres]»on(ling 
M*ts o1 hnishcvs. (»f which then* are 12 in (‘aclj vcTtical row. engage with the inneu’ (‘iids of 
the* ecmtacts and an* carri(*(l hy shaft (12 driv(*n hy gear-wh(*(‘l (t.‘l , 



fio. 171. ( \ iKW' oe a l>oiti.MKi: ii wr.i-: I \t 1 1 lan-a-ninK 

[Frofn f\(}./.K.F. JtmrmtL Ikj pcrttiisslmt.] 


The cylinder 24 is fastened hetw(‘en two j)Iat(*s (14. 4’he low(*r one is s<‘cnn‘d to a 
]>late ()r). carj’vijig a h<*aring fca- tin* sJiaft (>2, and j)roN i(h*d with a d(*p(*n(ling pivot (Kh that 
entt‘rs a scrcket in tin* hrackc*! (»7, secured to (In* frame of tin* a|»])aratns. 'Fliis construction 
permits tin* cylind(*r t<> In* swung away from its driving g(*ar. and allows ready access to 
the outer ends oHln* cojjtact plat(*s, or points, annind its whole ])crij)liery. Uiwh hnish 01 
consists, ])ref(*rahly, of two springs turned ii]) at thei^ forward edges to pc'rmit them to 
slide i^*adily into contact with the ends of the plates (;o. and grasp said (‘iids hetween tSiem. 
I he* hruslK*s (>1 (Fig. 174) are set in slots cut in a block 07. of vulcainte oi' olh(*r insulating 
niaterial. ami an* sc*cured therein hy clamj) plates OS. senured to the* face of the block 07^ 
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and insnlattMl* from iJu* bjiislies l)y the sheets 09 of insulation. Wires 71. seeur(‘d to the 
inner ends of tJie brushes, pass out throiigli the upper end of lh(‘ eylinder 24. to eoiuiect 
to other parts? or eonue(‘4 thf^ brushes in pairs, so as to conneet the two eontaels (>0, upon 
which thej^ are ft^ tlie time Ijearing, and thus elose-eireuit between the two wires attached 
'respectively to the outer ends of 
said contacts. T}u‘ blocks (>7 arci 
fastened to tht‘ face of tin* arms of 
casting 70, secvtired to the shaft (>2. 

By properly (ionnecting the 
contacts 00 to tlie circuits to be 
controlled, or to one another in 
rows, or jn'any desired relation, and 
by proper connection of tlie bl ushes 
01 to one another, or to other parts 
through the wires 71, tlie device 
may be used for the primary ca.m- 
nector, the secondary conncjctor, 
the interconnector, the rotary 
switch and the signal transmitter 
(‘ontrollcr. or for other [larts, 
although for sonie of these jiarts 
not all of tlie contacts and liruslics 
need to be utilised. 

'J4ie movement of the shaft 02 
may be controlled in any desired 
w<iy, as 4r>r instance by means of 
an electro magnet 14 operating on 
a clutch between the wheel 03 and 
a suitable driving power. 

The Clutch. — The clutch and 
gear is of the following construc- 
tion (Figs. 172 and 173) ; 72 is a 
wheel gearing to wheel 03 upon 
the brush-earrying shaft 02, The 
shaft of wheel 72 carries a wheel 
S2 geared through idler wheels, 
with a wheel SI rotating loosely on sliaft 75, and having (luteh eontrol disc 23 fastened 
to its huh. The c‘dge of the disc is cut or notched to j)ermit the entraiua* of a. dog* S3, 
carried by elbow lever S4. An eleetro magnet 14 ojMTat(‘s the I(‘V(t and brings a serrated 
wheel 70 into engagement with a serrated wheel or disc* 7*1 Kt‘V(‘d to a power-driven shaft 75. 
When the wheels are engaged power is transmitted to tla* wlu'el 72, and wheel 03 ‘of the 
brush-carrying sha?l, from shaft 75 through wheel 7S on the same* si\aft with wheel 7(>, 
tlivough an idle wheel to wheel 79* and a second wheel so on the same sliaft with 79, and 
gearing to the wheel 72. Wheels 7() and 7S are momiteil in a jhvoted frame, w hich, also 
carries the idler wheels, and is operated by a. roller on ih(‘ end ofi armature lever S4. As 
soon as the magnet causes the clutch to engage, the dog S3 rides on the continuous (*dge 



179. ('YiaNona Swrrcji. KKcasTKit, V)NTiioELiN<; 
jMaonkt Asm .Me( hanis.m < onneo'I'ki) tijehewiti4. 
(hoUlAlKU .\rT«>AlATK' .SYSTEM.) 




2m THE LORIMER AUTOMATIC TELEPHCmE SYSTEM 

f)f the disc 23, between notches, and kt‘eps the clutch engaged until a notoii frees the 
level S4, and tlu* clutch will then he disengaged if the magnet be flaen de-elie/giscd, and tile 
wfieeJ 72 and disc 23 will stop. A momentary action of the magnet will liftithe dog out of 
the notch in the disc and immediately set the parts revolving. 1’lft" notches are set spaced as 
to cause tlie cylinder bruslies to advance any desired number of whole steps, depending upon' 
the space between the notches. 

The disc, shown is notched suitalily to bring the brushes to rest in 1 1 different positions, 
namely, normal or N, o and 1 to 9 inclusive, and then to cause the brushes to make a three- 
quarters ifivolution without stopping. This arrangement is suitable for the primary con- 
nector, or secondary connedor, when the contacts are arranged according to the decimal 
system. When the dog is lifted from the la.st notcli of the group shown, the disc and the 
brusli shaft will make three-quarters of a revolution w'ithout st,o[)ping, until the" dog finds 
the normal, or first notch of the group, when it will come to rest. 

The Register. — Tliis is constructed as shown in Figs. 172 and 173 ; 25 is a sector of 
insulating rnattTial lik(' plast(‘r of Paris in which any desired number of rows of contacts (»(► 

are secured, and in f)ositi(Hi to be engaged 
by a set of biushcN til. as many in number 
as the rows of contacts. Brushes til are 
mounted in an insulating block secured to a 
support 80, that in turn is fastened to an 
escapement sector 87 . When the register is 
used in connection with the cylinder switch, 
it is preferably mounted on a plate 92, 
secured to gear wheel 03 ,so as to revolve 
with the brushes of the switch cylinder. 

Each row of sector (‘ontacts may consist 

* I 

of a normal (N) and 10 other contacts inim- 
hered 0 to 9 inclusive, whieli is siittieient for 
the primary connector. In the case of the 
.secondary connector an additional contact, 
whicJi is a *' dead ' contact , may he provided 
between the X and 0 contacts ftir a jiiupose 
to be described. A spring SK. secui'cd at its 
tn‘e eh(Ttr>' a straj) wound around th(‘ hub of the escapement sector, tends to turn the sector 
in the direction of the arrow, and eanse the brushes to move one wlmle step for each to and 
fro movement of tlu‘ scape lever 89, which is inovefl in one direction by the armature (.if 
magnet 28 adapt(‘d to engage an arm 90, and in the other by a spring 95. . 

, Tli(‘ s(‘a])e te(^th and palhd-s are so formed that the scape sector may forced back 
to 7X’j'o posit i(Ki when the support plate 92, upon which the register is mounted, Is rotated 
by the sujierior force of the driving power from shaft 02, thus bringing the lug 93, depending 
from the sc^ctor through an opening in the plate 92, against and past an ohstr4iction, such 
as a post 94 upon klu* fi.xed cylinder 24, or other fixed support. The |Vvotal centre of the 
sector is^ee(^entric to the centre upon which the plate 92 turns, so that by pr()per adjuj^it- 
ment of tlie overlap of* the lug !^3 and f)ost 94, they wdll deaf one another at the instant 
the sector brushes reach the normal position, and the support 92 may then continue its 
forward movement around to normal, ready for another operation. 
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« 

* The ile^jirptl connections hetwcen cylinder brushes and register brushes may be made 
by wires 71 (see^liig. 174) ^j^hich are sufficiently flexible to allow for the comparatively sAiall 
relative movenjent of the parts. 

Divisions. conMruction of the various portions of the connecting apparatus in 

one division of a secti<^i,*and the* general connections ami functiojis of the same are as 

follow : — 

1. Primairy i'onnevtor. For each primary coiinect(»r tht^ aiiparatiis described in connec- 
tion with Figs. *172 and 173 may be utilised without material alteration. This device* places 
any sub-station vf the section on which it is loeaiA'd, in conn(‘ction with the oth^r portions 
of the apparaius in the same division. The two wires 1 and 2 of each line are connected 
to two contacts 00 assigned to it on the switch cylinder, by branch wires as indicated in 
Fig. 176 ajL-‘(d), w here one* such lim* is shown. In addition to tw^o-line contacts for each line 
a guard contact is provided connecled in a similar w'ay with a guard wire 3, one for each 
line. Wire 3 is a local wire at the* central station. 

2. Rotary Stviteh. -This is constructed from the cylindcir switch previously dcNCiibcd 
by connecting brushes in ])airs to form bridging brushes, and by connecting u]i the* contacts 
to one another and to the* exterior circuits in the mann(‘r indicatcMl in the diagram. Fig. 175 
at (e). 

'File rotary switch completes its action, or moves from normal around to normal, by 
making a half f'evolution of the brush-carrying shaft, and in such half revolution it assumes 
seven positions (rf rest, indicated by the Roman numerals I. to \’ll. iifi lusivc at thi* top 
of the diagram. The brushes move over two of the (a)ntacts in making ota* step ; if 
a clutch and gear, such as already described, be employed, the disc 23 would then hav(* its 
notches sjiaced apart twice the distanci* of those indicated in the (asi* of the primar\ lon- 
nector. Since tin* switch repeats its operation twice in a levolution, the. disc has two sets 
of notches as indicated. In the figure the <log engages with the normal notch of one group 
•and the brushes are in the (*orres])onding normal position. 

The principal functions of the rotary switch are as follows . - 

When the rotary sw itch of the seizeil idle division starts, it l)n*aks its own clutch magnet 
(‘ircuit, thus isolating it from interference, ami immediately close's a circuit or circuits over 
which the primary fonnector is adjusted. It also energises the clutch magnet for the 
jirimary connector and starts the device termed decimal register controller (Fig 176, h) wdiich, 
by means of tlu' ngistt'i* magnet, adjusts the brushes thereof to the position (Hirrespon/iiij^ 
to the tens value of the number of the sub-station calling. 

Immediately thereafter it starts the decimal indicator (Fig. 176, a) from the jiositftm 
of rest, which it had assumed by the initial signal from the calling sub-station, so that it 
may revert to the common use of other sub stations in the same section, and also completi's 
tfie substitute connection for keeping the guard wire 3 of tlu* calling sub-station charged. 
It also, at this stagi^ of the ojieration, prepares tlu* circuit over which an intorconncctor (f/) 
of the same division may be started or operated, and further prepares the circuits over whiidi 
(jonnecting i]^)paratus of the sanu' division is operated or (uintrolled by the signal transmitter 
controller (/), for thy purpose of adjusting them to position for finding tluscircuit of tin* called 
line in the same or any otlicT sectiwn. Further, it closes connections for charging tip* guard 
circuit of the sub-station called, upon the called sub-station's sectioil, as soon as connection 
has been established therewith, but first closes a test circuit, by means of which the operation 
of the apparatus is controlled in such manner that if the lim* wanted be already in use*, the 
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<ipj)aratiis vvoiiUl ]je automatically prevented from coiiiin'g to jK^sitioii for establishing 
talking (Mjnnection therewith. y , ^ 

If the line wanted is found t<» he idle, th<‘ rotary switch charges the guard circuit of said 
line, and closes circuits whereby the (tailing sub-station may'sigjial tlu^ calfed sub-station, 
when communictation may la* carried on. At the conclusion of tho^ conversation the rotary 
switch mov(‘s to break such circuit . and (‘los(‘s others, whereby directly or imiirectly the 
parts may be rvston'd to normal position. 

'A. Signal Transmitter (Untt roller. This devi(t(‘ provides or prodiutes electric impulses 
which o})eTate or (tontrol the signal transmitter, the (tontact arm of wliich m‘oves over units, 
tens, ]iundr(‘ds and t housands s(*ts or segment of contacts. Tt also ])ro\bdes the stepping 
or controlling ])uWs for oj)erating the thousands register and intcrconnector register of the 
same division and the* s(M‘ondary conn(‘ctor s(dzed upon any division of the same or any 
other s<‘ction. ^ 

Tliis device* consists of tJu* switch (cylinder previously describ(?d, and utilises six horizontal 
rows of contacts and thr(‘(‘ pairs of bridging brushes connected up as shown in Pig. 175 (/). 
The* tw’o upper brush(‘s o])erat(* as an impulse gen<*rator to actuate or control the signal 
transmitters. Tht* two middh* rows simiiltaiUMjusly control tlie action of the thousands 
regist(*r, the int(*rconiu*ctor n‘gisf,(‘r and secondary conne(;t()r su(?cessively, and the two 
lower rows operate^ to clos(‘ th(‘ (‘ircuit for (toils that temporarily hold up the relay armature 
of the signal r(‘lay 215, and tor other purposes. ,, 

N is th(‘ nori^ial position of the signal transmitter controller brushes, in which position, 
aft(‘r making two whole revolutions, the upper pair of )»rush(‘s complete the signalling and 
talking (tircuit. 

The signal transmitter controllc'r has three positions of rest : the first is the N or normal 
})ositi<»ii ; the secamd position is indicated at SN. or sub-normal position, just before the (md 
of the first revolution : and the third position is a second sub-normal j)osition on the same 
contacts, just before it (completes the second r(W(.)lution and reaches normal agaiw. 

4. I'nierconnector. —Tho main function f)f this device (Fig. 1 75, g) is to establish connection 
with that s(‘ction of the exchange to wdik^h the called subscriber's line is connected,' and to 
seize* upon aTi idle secondary' connector in that section. The number of interconnectors in 
each divisioji convsponds to the numb(*r of thousands of subscribers in the (*xchang(*. 

5. Secondary (^onnerfitr. The secondary commetor {//) is substantially the same as the 
j)riiuary connector. 

cegiste*!’ is adjusted according to the t(‘Jis value of the called subscriber's station 
number, and the ^;yliader brush(*s according to the units value of that number. 

(). Thousands Register. 'Flu* thousands regist(T, one for (‘ach division, is used (»nly 
when two or more intejconnectors are emjdoyed in each division. It serves to select or 
make connection with the intcrconnector (‘ontrolling the connections of the grand division 
in 'w Inch the call(*d subscriber is locat(*d, and is provided with a number of contacts corre- 
sponding t(,' Ihe number of intercormectors employed in each division. 

7. Relays . — The different J(*lays employed in each division are indicated in the diagram 
(Fig. 175, /). 215 is a signal relay, 210 a release relay, 217 a ringing relay, and 220 a 

special relay. * * 

2(K is a generator^of pulsatory or vibratory current, which is connected to the cirejuit, 
of Mu* called subscriber by the oj)eration of the relay 217 in any division ; 205 is a nou- 
inductivc* nvsistance shunting the coils of relay 217, so that they shall not interfere with 



AUTOMATK TELEPHONE SYSTE^VlS 


231 ) 


, 1 

0 unVersati ()»4 204 is an ituluction coil liavnn^ two c(£ual windings : 202 and 20‘{ are 

sections of a current generator suj)plving (uiergy for various operati^fns, 

and to which ^lonnoctions are made from the apparatus of eacli division in the manner 
indicated. , • ' 

o The* combined voltage* of the generators is used for some of the o])erations, init for 
conversation one battery or geiUTator only is used. 

Consecudon Controller. This device serves for the whole exchange, and renders tin* 
connecting apparatus on ditferiMit sections, respectively, cajjablc of operation only in succes- 
sion or one at a time. Or, in other words, it spetces out the signals received oil different 
sections at the same instant, in a maniu‘.r to delay tlie action of the apparatus of one section, 
so that it can oidy operate after the oHht has jirogressed to the point where inter-ferenee 
or confusion cannot r(‘sult. The sjiecial object is to [irevent confusion if two subscribers 
on different sections should atUunpt at the same instant to connet*! with thi* same subscriber, 
or witli two different subscribers, on the same section. (Confusion l)y reason of two suh- 
scribiTs on the sam(‘ section calling at the same instant is ])reventc‘d by tlie (h‘cimal indi- 
eat'Or. of which onc' is used for each section. 

Tlie const'cution controller comprises a continually operating circuit changer, which 
intermittently, but suce'cssively. elose‘s the* eiperating e‘ire*uit feir some part of the apparatus 
for eine* seetiem, anel then in suce‘e‘ssie)n similar e-ireuits for either se'ctieins (Kig. 17(i). 

In conne*ctie)n witli each e*ircuit a eU‘vice is preivieleMl whereby the* closure is preileinged 
if, wheui first imule*, the ajiparatus ein that ])articular e*ircuit is reaely to ''operate*. Heiicu*, 
the cemseeution controller may continue its reveilutiein, and the* ap})aratus be* le*ft fre*e 
tei act. 

^riu* circuits e losed are those* by which the inte‘rconne‘edors are* starte‘el on their way te> 
se*ize an idle se*ce)ndary connee tor. 'Phe* effe*e*t then is that one* of two simultane*e>usly calling 
liness will seize the e*. ailed line first, anel tlie eithe*!' will get the busy signal tone*. 

430 is a eemtinually revolving e*ire‘uit e4ianger arm wheise e.eintact sjirings swe*e>j) simul- 
taneously ewer fe*ed s(*gment 432, anel eive*!' a se‘ries eif se*gmcnts 43 1 insulate*el from one^ another 
anel ceiiineeteel res])er*tive*ly with bus wire‘s 57, e*ach of whicli forms a common return bus 
for the starting magne*t 21 of all the* interconneedeirs for one* se*e*tion. and e*ach eif which is 
conne*e'te*el to tlie seweral elivisions of a sertiein by taps 50, which in turn may be eommein 
to the* several intere‘onne‘e‘tors eif each division. 

haich circuit contains an eh*e tre)magne*t 21 S, which, whe*n e*ne*rgise*el. close*s at its 
e'ontact a e*e)nne*etie)n inelepeneleMit of that through the* se*gnient to the* batte*ry m e*ommein 
return, thus jireserving the e'ircuit for the inte*reM)nnector after the* brush of the* cein.secu fa'll! 
contreiller le*aves said segment. The lireMikage eif the circuit at seime* othe*r point in ivstering 
the apparatus tei zerei ele-ene‘rgise*s the* magne*t 2 IS. 

The ceinsecutieiii eHintreille*!’ ojie‘rate*s at suc.h spe*eMl as tei reneie*!' the* apparatus of e*ye*h 

see tiem e-apable eif eijieratiein at inte*rvals eif, say, e‘ve*ry twei se‘Conels. 

♦ • 

Decimal Indicator. One* ed the‘se* is use*el for each se*cti<in for the purpeise eif |);iving 
control of the apiiaratus ein saiel sertiem to the various subsc.ribe‘rs' line*s eif that scediein in 
successiein, anel permitting a line te> seize upon one* eif the ielle* divisions or se*ts eif eHinnecting 
apparatus for use in estafilish.ing cemnectiein with the calle*ef sub-statiein. ' 

The eieciiual inelicator has a circuit changing arm whie*h cle)se*s connectiein tei the lines 
eif the st*ctieins in sue*ce*ssiein. Ft also e*eimprise*s de\ ice*s, whereby the [irimarv eronneerteir 
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ol tJio seized idle division iimy Jiave its brushes autoJiiati(;afty adji/!sted to position for bon- 
ne#! in^ Ihe ealliiij^ line* Avitii the other parts of the ajijmratiis in f^division.* ^For this piirfwxso 
tile (hrinial indicator embodies additional eirenit -changing arms and divide^! contact rings, 
one t(Tmed the “ units ring and th(‘ other the “ teais " ring.* • , • 

Predeiabjy tlie decimal indicator constantly re*volvt\s and in automat ically brought tn 
r(‘st by a signal from the* calling sub-station. As soon as the division of connecting appa- 
ratus seized by that station has j)ass(‘d b(*yond the point where it may be .sej/.ed from some 
other calling sub-station the decimal indicator resumes its revolution. Tl^e circuits of the 
decimal indicator and cojitrol jnagnets associated therewith an* shown jii P^ig. J75. The 
decimal indicat oi‘ also has a circuit changing arm and a divided contact ring' with segments, 
one for each line, when ‘by a guarding potential may be established on the guard contact 

of th(* calling line on all the primary connectors of 
the section. The meclianical consfructi6n may bt^ 
such as shown in Fig. 177. 

Ibl is a divided line contact ring having one* 
contact or segment for each Jine of the section. 
Said segm(‘nts arc moiinU^d ii])on a backing jdate 
oi* ring, ami clamped and insulated from one 
anoth(‘r. as shown in tJie vertical section, Fig. 177, 
in a manner similar to the segmei?ls of a commu- 
tator for a dynamo. , 

lot) is the guard contact ring also containing 
as many segments as there are lincis in the 
section, and (*ach connected to its a})propriate ^ 
guard wire. 

102 is a continuous feed ring connected witli 
a relay contact lever by brush 1 1 2, an^l joined byi 
wire 22b with devices for bringing one., of the 
divisions of (tonneeting apjiaratus into operation. 

102 is a continuous battery feed ring through 
which, by means of brush J 1 2, current is supplied 
to the circuits passing through the decimal 
indicator. 

105 is the divided “ units *’ cojita(;t ring, and 
104 tlie divided “ tens ” contact ring. 

Th(* t<*ns contact ring 104 contains ten segments of equal hmgth, and its individual 
segments eorresf xmd r(*s})ectively to the diff(‘renl values of the numeral in the tens decimal 
of the sub-station iiunibers. 

Th(‘ units c*otita(4s ring contains 100 segments corresponding to the 100 units of the 
sub-stat ionMumbers, and is divided into ten groups of ten each, the similar contacts of which 
groups are c<jnnectcd together ; that is, the No. 1 contacts of all the groups are intercon- 
netted and. similarly, the No. 2 contacts arc interconnected, to form in effect 1-en groups of 
<*ontacts whose individual members are interspaced with one another! Each group of 10 
(‘ontaefs occupying thg are or j^ortion of the units ring corresponds in position with one of 
the segments in the tens contact ring, so that the brush riding on its units contact ring may 
make connection w ith a units contact of any value from 0 — 9 inclusive, at the same time that 
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another hru^h. makes contact with a segment of any value in the tens ring. Hence, any 
niihaber from 0 4<? 99 mayfbe rei)rescnted as to its tens and units value by a brush ricflng 
upon the tens contact ring, in conjunction with the brush riding over tlie units contact ring, 
the numbcT so iinjicated depending upon the circumferential j)osition of tlie two l»i uslies 
at any instant. « • 

The several segments of the divided tens ring 104 connect, by cable 185, with the (h^vice 
termed the ‘'ilecimal register controller.” Through the latter device the adjustment of 
one 2 >art of the 4 )rimary connector is accomplished. The 10 interconnected groups of con- 
tacts on the ring .J0r> connect by a wire 119 with a- set of 10 contacts on each i^rimary con- 
nector of the several divisions of connecting apjmratiis for a similar purpose. 

All of the No. 1 contacts of the 10 several groups are joined to one wire of said cable, 
and all of the No. 2 contacts of said grouj)s to anf)ther wir(\ and these wires re])resent each 
a different decimal value in the units plac(*. Each coimeetion to a wire of cable 1 19 may 
be obviously made by simply connecting one of th(‘ eontaets of the group representing the 
one value. 

Mounted n})on the plate 127 is a stop magnet 15, the armature of which is furnish(*d 
with a dog adapted to engage^ witli a crown stoj) ring 124. liaving 100 teeth, j)roperly located, 
to cause the brnslies to come to rest uj)on a contact segment when the dog is forced down 
» into engagement with the ring hy th(‘ action of tlie magnet . The blade sjning keeps the 
dog normally raised, but the moment tlie magiu't is excited the plate carrying the dog and 
the bruslies come i to rest, although the shaft 131 which drives tlie briisli struetiin^ may 
continue to revolve*. 

The relays 211. 213, 214, whose coil and e-ontaet stop cireuits are eoiine(4ed with the 
brushes shown in the diagram, are also mounted ujion tlu^ r<‘Vf)lviiig strueture. thus dis- 
‘ pensing with the lUH^essitv for feed eoiitae^t rings whieh would be re^epiired if they wen^ 
mounted upon an extea’ior fixed sujiport.. Relay 211 is (umneeteel to the* brusii 1 11 bearing 
•n the line f’ontact ring 101, and may be ojierated from any sub-station of a section as soon 
as the Iv’ush 1 1 1 finds the line contact of that sub station in ring 101. Relay 211 controls 
the action of tin; clutch magnet 15, and relay 214 serves to charge tlu* eorresjionding contact 
for the sub-station calling on tlie guard ring 100. 

Decimal Register Controller. )m^ of tliesi*, is ustnl for (*aeh section. This device (h) 
acts in connection with the decimal indicator to adjust 1 Ik* primary connector into position 
corresponding to the “tens’* value of the calling subscribers number, and the sev ^.,1 
circuits in cable 1S5, leading from tens ” indicating ring of the decimal indicator, 

operate as tests cireuits, which determine tlu* number of imjmlsiis wliich shall be sent by the 
decimal register controller over the win^ 187, which runs through all divisions and is tajipcd 
at each primary connector to the register magnet 29 tlnaeof. 

The decimal register controller is started directly or indir(*ctly in responsi^ to a signal 
received from the calling sub-station, and when started revolves until it finds a wire of 
cable 185 rendered alive by contact of brush 114 with the tens ring in tlic decimal indicator. 
It then begins to send pulses into the magnet 29 of the primary connector in the division 
seized. ^ 

Division Starter. - This device (Kig. 175, c) responds to a call or signal from any 
sub-station of a section on which it is located for the pur[)ose of making one of the iiormaily 
idle divisions of connecting apparatus operative. If 10 sets or divisions of connecting 
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iipparatus are provided on a section, the division starter will ha’Je 10 stertijig posittoihs. 
WITeti It starts and seizes an idh; division it automatically conjfs to rest >igaiii'in position 

favourable for starting another idle division, when the cail comes from anijther line on the 
same Hection. 

When any division is in use, the starter is caused to pass 1.he«istt.p position corresponding 
to said division by devices operating automatically. But when the division is idle the 
starter stops in position for starting said division. 

When the division starter moves from any of its positions of rest, it jitarts the rotary 
switch oUthe corresponding idle division by closing the circuit, of the ijliitch or starting 
magnet for the switch or other portion of the division. 'I'lie division startt>r is started by 
means of a clutch or stop magnet Ifi. brought into operation at about the time the decimal 
indicator comes to rest. Kor this purpose the circuit of the clutch magnet Hi may be closed 
ny tlie lino relay wliioh n^sponds to a. oall from any sub-station ol* the scrtiofn 

Sub-station Apparatus. Ai eacli siib-.stat iou an aiifoinal ie signal tmiisiiiitter is 
provided for seltiiig tfie eeiilral .station apfiaratiis into position to make eoniieetion with 
the line called. An indicator is used at the sub station having indicator buttons or 
levers eorrespoiidiiig to the thoii.sands. hundreds, tens and units of the deeiinal system. 
By .setting these, to indieiite the miiiiber of the .suh-.stalion wanted, the apparatus is prejiared 
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SO that the. signal traifsniitter will automatically send the signals required for making 
connection with^thc line tfjV^hiijh the number indicated is assigned (Fig. 178). • 

The switch and the signal transmitter are so eonstrueted and combined that the switch 
cannot change its positifHi ^\*hile the transmitter is sending the call, and so that also th(‘ 
sjgnal transmitter cannqt ^send its signal if the switch is out of proper jiosition. Also the 
signal transmitter is designed to send an initial signal in the manual operation of bringing 
it into action. Fig. 179 shows a general view of a subscrib(‘r\s instrument. 
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Section 74 

THE AMERICAN AUTOMATIC TELEPHONE CO.’S SYSTEM 

* • « • 

rrilikc thc^ other systems desi riberl, whieh use a dial with iey points only, this uses a 
dial with 50 points, and the switches also have 50 ptiints, and have rotary motion only. 

The dial is marki'd witli both letters and figures. The letters advance in^value by fives, 
A being 1 impulse', B 5 impulses, (' 10, and so on to the last letter, which rep|*esents 45. The 

figures 1 to 50 call the two final digits, 
anel in one e^ase are tran#ilated so as to 
call into the second half of the hundi*ed. 

Six calbtinders are asseiciated with 
a. grou]) of 50 calling line^. The selector 
banks are divided into 10 groups of five 
sets of terminals — five lines to 10 groups 
of 500 lines. The second selectors find 
(he ])arti(ular group of 50 lines, and tlu* 
connectors find the particular line in the 
group of 50. The selectors are called 
by letters, only the CMinnector being 
operat-t‘d by a. nundy'r call from the 
dial. ‘ • 

Th(^ si'lector and coniu^ctor are 
geiuTally similar in construction. Each 
has a level of three terminals and 50 
sets of such terminals in the arc. 

Kach line has a, Tnie *ind cut-olj 
relay, the former when energised by the 
removal of the receiver to call completes 
a starting circuit which gives tht* call 
finder its iirst impulse, the further 
impulses depending on the ('irciiit cfin- 
dition of the tabs with wdiich the wdpers 
make contact. Fig. IHO shows two 
views of a connectfir. The wipers are 
moved against the tension of a coiled 
spiring 20 by the motor magnet. 

'J'he operation of the circuits (Fig. 
181) is as follows — 

When the receiver is lifted to call, 
a cir^mit is completed through the line relay LR as in the manual (J.H. system. 

A cir(‘uit is t]ien completed from earth through front contact of line relify LR through 
motor magnet M, battery and earth, and. in parallel, slow -acting rela/8A, which is in series 
with \^inding of connewtor relay A to battcTy and earth. , • 

• The motor magnet steps the answering (‘onnector AC wipers from normal to the first set 
of contacts, in its search for the calling line. 







246 .AMERICAN AUTOMATIC ‘TELEPHONE CO.’)? SYSTEM 

^The first rnoveinont of the calling connector CC (‘uts earth off relay E, but^.- it is slow 
acting it is retained by the circuit through upper eontacd of E an^ (contact* I) to keep the 
circuit to line open to prevent clicking and interference from generator. |When relay D 
ceases lo pulsate E is de-energised. 

WlH‘n the wipers (Jonie to rest (if th(‘ line is disengaged) a eii’eciit is completed tlii'ou^h 
the eut-off relay from cart h by bottom outer ( ontaet of E by short w iper and stud/j througli 
('OR to battery and earth and (fui line relay is cut f)ff. • 

The generator is eoniK^eted line through the np])er contact nearer tore of relay (', 
low'cr back contact of relay R, upper back contaet nean^st core of relay E through middle 
W'ip(*r and contact klc to line, through bell and coiidcuiser. by other wire to contact and long 
wbper in m\ back contact of middl(‘ uppiT springs lelay E. upper back contact relay H to 
geiKuator. % * 

As the circuit of rela^^ H is from earth by lower eontac^t neiirer core of relay E. lower 
front contact of relay 1) through winding 11. back l ontaet of relay E. interrupter 1, battery 
and earth, the generator current will be applied intermiftently to line. 

When the subscriber answers, a circuit through coils V and (J is completed tlirough tlie 
telephone and relay E is energised (when relay R has intermittently closed the circuit). This 
cuts off the ringing current and (Jompletes a ckeuit as before^ through winding R but to battt^ry 
without iiitejrrupter and the line is joined through by the under contactr )f r< la>^ R. 

Current to energise t he microphone of the calling lim^ is then fed througnVelay w indings 
( ' and D and that Yor the called line through E and (1. 

When the calling suliseriber replaces his receiver tiie circuit is opem d and r(‘lays (' iiiui 
D are de-energised. 

A circuit is then completed through the release magnet RK, from earth c' at off norma 
spring/' of calling connector, upper outer contact of relay (', through RR, interrupter 1 tc 
batt/ery and earth. Thc‘ connector is therefore returned to zero. Idie generator circuit i»^ 
broken at relay E whilst the wifXTs jiass over the contacts. 

There is also a circuit from earth <*ontact. off normal spring of call finder, througli* right- 
hand back contact of relay SA, upper outer t*ontact of relay through rtday B and release' 
coil Jl in fiarallel, interrupter I to battery and earth so that the call linder is also returned to 
zero. Relay B cuts off battery through relays E and 1) to prevent interference whilst wipers 
are i>assing f)ver contacts. 
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The building-up and connecting is carried out entirely by relays. 

A link method of connecting (equivalent to a double cord arrangement in 
manual practical is used. 
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NYA AKTIEBOLAGET AUTOTELEFON BETULANDER, STOCKHOLM. 
THE REEAY AUTOMATIC TELEPHONE COMPANY, LIMITED, LONDON. 

The British system is based on the Betulander. 
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THE RELAY , AUfOMATIC TELEPHONE CO.’S SYSTEM 

Relays, onl}’, are for all switehiii^ operations. 

A connection between an outuoing and an incoming lino is completed over a Htih. Ihc 
link is a shout connecting circuit which, on one side, connects with the incoming line and, 
on the other, connects with th<‘ outgoing lin(\ It is thus eipiivalent to a double cord circuit 

on a manual equipment. • 

The conitfH’tion to an idle lim* in a plurality of outgoing lines in a group is determined 

by a .self-searchf'r in combination with common apjiaratus. 


Links 



t'Ki. ISl!. ItJ-a.AV Sv^'J’K.M. Si it-i.Hore <>k 'I'kn SeiLsciuHKHs' Limos. (Si.n(*li-:-i.ink 

1)1 MJHATVl.) 


J.ink-coiiiiocting is sliowinliiigrauiinatically in Fig. IH2, in wliich «, «, represent su».- 
s(Tibers' incoming lines ; />, links ; r, r, outgoing trunks j and f/, c/, incoming trunks. 

The subscribers are usually arranged in sub-groups of 10 lines. 'I’tu' 10 lines of tlie sub-grou|> 
have access ts) six links usnall\ . Kach link has a(a-ess to one or two. usually two, outgoing 
trunks, and the same number of inci ming trunks has ae,cess to the links for incoming tftills. 

Each sub8eriber'.s lino is, therefore. e(piipped with six link-connecting reflags, by which 
it may be connected to any one of tiu' six links automatically, at the preselector or predigit 


Each link has four relays associated with it. by which it may be ootinticted with one oi 
otjier of two outgoing, or one or*other of two inooining trunks, ^hiach Ihik is, therefoic, 
luultiided over 10 subscribers' lines and over, say, two outgoing and two .incoming trunks. 
In diagram, J'’ig. 1H2, each makv contact rejirosents a relay. When a relay is energised. 
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on a call being made, the contact is clos(‘(l. If, therefore, contact and coptact c3‘t)e 
closejii, subscriber No. 5 will be joined through to the outgoing l!^unk c3, ^r, if contact aS' 
and (R)iitact <79 be closed, subscriber No. a will be connected over the incoming line d^. 

'Flu* inetfiod of determining whicli link -connecting relay is’toiie utilised for (iompleting 
a conn(‘ction is shown typically in Fig. 1S3. • ^ 

\i\ R2, R3, and H\\ R2', R3\ represent relays associated with two subscribers’ hues, 
three only being shown instead of six. ^ 

A circuit-determining rc'lay M is associated wdth each link, and a wire Jrom each line- 
link relay R in the sann* level R/ and Rl') is connected to a normally insulated contact 
(»n relay AT* • 

The cinaiit of tlv .M relays is so arranged that the M relay jiear(*st the base is lirst 
energised over circuit 1, then, if that is in an open circuit, by contact c being open, and, 

ther(‘fore, iin(‘n(*rgisable, the 
secojid M relay is energised 
over circuit 2, and so on. 
When the contact K is closed 
all th(* vertical row of relays R 
are conmsded to earth, and 
the Al' relay energises, but R' 
only is energised wer circuit 4. 
If the lower link is Imsy the 
contact' c will l)e op(*n (by 
means not shown) and ]VI2 will 
energise, and so on. 

The circuits of six relays in 
a v<Tlical row will be })artially 
completed by contact K, and 
10 relays in a. horizontjJ row 
will be ]>arlially com})leted by 
a relay iM, but (uily the n‘lay 
R at the ])oint' of intersect ioji 
will energise to cf)rii])let(‘ a 
call is made e(i\nvalent action 
but a holding 

comicction. 
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connection l)etwccn a calling line and an idle link. When a 
*to th?M' of ^-ontac't K occurs, such circuits being com])]eted moni(‘ntarily, 
circuit eorres])ondiiig to circuit 3 is established to juaintain the 

When a receiver is lifted the calling lim* is automatically exteiiiled. by the preselector 
grouf) of relays, to a so-called reorder. Rach line has access to a plurality (usually twa) or 
three) of recorders, which are common to, say, 100 subscribers, the exact number depending 
on th(‘ Iraflic. I’he recordcj’ rec(‘iv(*s the impuls(*s from the dial and, according to tfie number 
of iin})ulses yiTlu* digit, builds up a circuit corresponding to the digit which, by means of 
a iNarler relay, initially energises the called subscriber's lin(‘ relay, to start a backward 
selection to (‘oniH‘et with th(‘ calling line. ’J’he recorder may respond to one, ttvo or three, 
or t‘ven four digits, Vefore (‘stablishing the initially energising circuit, f’iie marker ^ which is 
eiigaged4or one-Henth of a .second per call, is common to a 1,000-line group. • 

•Fhe recorder is not directly associated with the caller's line until th(‘ first impulse is 
sent. ’Fwo j)arties calling at the same time are extended to the same recorder, but the first 
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iini^ulsc sent will deterihinc with which line it is to lu* directly associated, the second calling 
line then being trunsferred*l() another recorder. 

In an exchange of 100 lines, t^vo-digit recorders will be used, and tens marking relays 
will then (sxtenfl Uie initicJly ’unergising circuit to the d(‘sirtMl sidi-group of lines. 



In a system of l,(t00 lines, a. three-digit recorder will call into any group of 100 lines, 

by means of hundreds nu^rking n'lays. ... 

A group of from 40 to SO trunks (the number d(‘j)ending on the ti attic) is used, in common 

to connect into the group of 1 ,t>00 lines. 



I- K., 'Pm: It ELAY. Kneihuseo. 


In the n'l'ordfi- ii wtde ivlav cnergisi-s at the befrinninj; ..f tlie impuls-i, and a break 
relay (previously energised) de-energises at the termination of the impulse, aS.d connects 
the imjndse ejrcuit through to the next relay. 

Relays .— These. are sliown in Figs. 18+ and IS.'i. In tlie former the lelay is sliown in its 
normal or de -energise.d condition, add in the latter in its cnergis.d condition. . The an^aature, 
in shape, is practically a right angle sus})cndcd on the end of the core magii.itic-return plate. 
Between the core end and the armature a tongue of non-magnetie material i.s suspended to 
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j)revent the two magnetic faces touciiing, and to regulate the travel of the ariijature. The 
sol(f(5riiig tabs have* a flat ring-shaped end, so tliat they can he tl^'eaded over the core, or •an 
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extension of the eon*, from which they are insulated. The lU'cessary number of tabs are 

sejmrated from (\aeli other l)y u ashers as slu)wn. The 
eontaet pressure of the springs (make and break) is 
1 1 ounces (rto grammes). 

Sueh a relay allows of wade variation of the dial 
.speed. 

I'Ik' i-eln^-.s iii-e wired in units i!i ttie factory and 
are connect etl to strips of soldering tabs. 

Thermostats. 'Phese are introduced as timing 
devie(‘s to ])rev(‘nt (common apparatiij* being held 
longer than a prechdermirjed peiiiod. They are also 
used as current intelTupters, The heating part consists 
of [)imetallic strij) on which wire is wound and eoimeeted to* a control circuit. They can 
‘be adjusted to operate at any desired period of time. A special feature of this design is 
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that t)](‘ adjacent operating springs are also niade from bimetallic? strip, so that all Vre 

equitlly affected by variations of ItHiiperature of the surrounding^jiir. 

Fig. 1S6 shows a thermostatic tinung device circiiiFto give an audible or lamp signal 
when an a])normal condition has existed for three minutes. Thia result is oljtai^ed by the 
interaction of two relays and the thermostat. The circuits are ^lymbered in the order of 
operation, and will })e readily followed without detailed descriptive matter. The thermostat 
op('rates twice, once to energise relay K2, and on de-energising to operate relay; E4. On the 
second eruTgisation, tlie second winding circuit of the differential relay R2 completed to 
d(i-energis(; K2 when the alarm circuit 8 is completed. When the fault is^removed, or the 
circuit opened, as by tlu* switch 8, circuit 5 is o])ened. and K4 de-emergisesdo restore the 
d(‘vie(‘ to normal. * 

’Trunking Scheme of a l»000-line Exchange. In Fig. 187 is showji siich.a sehenp' 
in which one line indicates a circuit. 

This relay system differs from all tht' other systems described in that the line switch unit, 
or j)reselecdor, is common to })oth outgoing aiifl incoming connections. A distributing board 
is therefore provided, so that the t rather may be regulated in both directions. 

Connection is made to a group of J,0(H> lines t>ver a eonnnon group of trunks, tlie number 
depending on the traflie re({uirements. 

The common recorder takes in and stores the im])ulses of the thiet‘ digits of the called 
number, and aft(‘r tJie last imj)nls(‘ has been received, an initially cnergisifig (‘ircuit (the 
marking circuit) fnonu'ntarilv energises s(‘l(‘cting and (‘onnecting relays 4o establish the 
conntH'tion from the battery fecal to the callcal subscriber, ringing current then being applied 
to the latter. 

On this diagram the* relays an‘ indicated by x's at the* intersection cjf lines between 
which connection is to be made. RtffcTcnce is made to the' corresponding relays on otheu’ 
diagrams by the use of«similar symbols, so that they can b(‘ readily idcmt-ilic'd. 

Del ailed curcuits of the subscriber's unit will be found in P'ig. 197, and its circuits in 
connection with the system in Figs. 188 and 189. • 

The*, outgoing trunks juiss through a cross-eonnt‘cting iicld bi‘fore they connect with the 
feedcT units (Fig. 190). Connc'ctions are then carried to the recorder-connec tor and recorder 
(l^'igs. 198 and 194). What have been callcHl first, sec-onci and third links are then connected 
to, and these are dc\scrilK*d with their operation in Fig. 198. The so-cnUIcmI third links are 
c*xten 4 l('d to the- ringing units (Fig. 192). The ijicomijig trunks then ])ass through a cross- 
connecting held bc'forc being connected to the subscriber’s' unit (Fig. 189). 

• As will be s(*errfVom Fig. 187, and as has already been pointed out, the subscribers' lines 
are arranger! in ,suh-(jrou}u^ of JO lines, inc'oming calls to a sul)-group being controlled by one 
common relay, and the outgoing calls by another’. 

•Each sub group has accc'ss by six links to 12 outgoing and 12 incoming trunks, each link 
having accc'ss to two trunks each way. 

'J’hese oRtgoing and in(r)ming trunks are multipled on a ])luralitv of sub-groups so that 
they nmy be used in common to, say, 100 lines. 

Should, c.^., tike two trunks by which a link has outgoing access l)C‘ in use at another 
sub'groiy), that Jijik is not available for outgoing calls. • 

The small size of thh sub-groups and the limited access by luiks makes it imperative that 
a series of busy lines should not be in the same sub-group. Distributing facilities arc there- 
fore provided as shown. The “ out trunk cross-connecting field ” allows of rearranging the 
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lin(?s in one ^direction, a^id tiio ‘‘ in trunk cross-(u)imccting field for rearranging them in the 
ortier, as the calling rate line varies from time to time, so tliat the calls from or to a sub- 
group do not rise above a predetetminod figure. 

The r^o/’der.s’ are conMiiob !(► a gryup of lines. When assoc;iated with the feejdor gioups, 
shown, two or three serve a group of 100 subscribers, according to the calling rate. 
A recorder -connector is, however, associated with each trunk or fee<ier. 

'J’he mariner is in turn ct>mmoji to all the recorders of a l,000-lin(‘ group, usual y one onl\ 
being provided^!! such a group. Each Imndreds marker relay, therefore, controls access to 
100 subscribers' ^ines. 


Symboi.s esEi> BY .V. T. Co. 
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Section 76 

COMPLETE CIRCUIT OPERATION OF A 'THREE-DIGIT SySTEM 

Fig. 188 shows thu uorinecliuiis through the calling suhscriVer's preselector unit, an(J 
Fig. 18h the same for the called subscribers’ unit. 

Fig. 11)0 shows th(‘ battery feed for the calling and called lines. Fig. 191 the circuit 

through the common group of trunks giving access to 1,000 lines. Fig.^192 shows the 

ringing unjt. 

Fig. 192 is tfic recordcr connector which is associated with each feeder raiit. Fig. 194 

is the ri'oorder which is common to a plurality of subscribers* units. Fig. 195 shows the 

marJver relays whicli are coninu>n to an oOiee of 1 .000 lines or less. Fig. 1 90 shows a repeater 
which may l)C introduced at th(‘ incoming end of trunks at a second office. The whole, wilh 
the exception of Fig, 190, show the (amnt'ctcd circuits for a l.OOOdinc exchange. It is to be 
noted that the ligun* I is not- us(‘d as the initial digit of a number, and that if 1 is called, the 
connection is released, 'riiis eliminates trouble from spurious impulses which may be sent 
by accidental movciiHuit of the suitchhook, or other opening of the circuit. 

The circuits an* number(‘d in the order of opt'ration, and are as follows : — 

1. When the receiver is lifted, r(‘lay It' energis(‘s. 

2. 'rh(' common outgoing test relay U2(()Tr) (Uiergises. t 

2. Link marking relay LM' energises if the first link is idle, and outgoing trunk-con- 
necting relay I* 2'(()']’( ’) ‘ 

4. Il(‘lay 114(1/’) (‘uergises in t he initially (*nergising circuit. 

5. Th(‘ loop is extemded to th(‘ impulse relay R5, which energises. 

(). (luard relay 110 energises. 

7. Second guard relay 117 <‘nergises. 

8. Holding circuit for relays 114 and K2', in which relays II, S and il8' energise. 'Th6, 
differimtial relay 1IK8 doiss not energise. 1I8((’()) opens circuit- I, and 11' de-imergises. 
(’ircuit 2 open, and R2 d(‘-eiH‘rgises. Circuit 2 ofien, and 112 de-energises (112 'was held 
energised over circuit 2' after 118 (mergised). Circuit 4 ojien. Circuit 2 is also opened at 
H2 and 117. 'riu' common apparatus is thus free for other calls. Tlu* mcder is biassed 
agaiiLst the holding current. 

8'. Balancing circuit for relay II 118. 

Ck Lanjf) L9 circuit. 

10. (yircuit througfi relay Fi(X), of recorder-connector, prepared. 

11. Rll(HHS) energises (slow to de-energise). 

11'. Circuit (umipletcd through tluninostat winding. This is the beginning of the pre- 
didermined period in which the connection must be completed. 

12. Inipujse circuit extended to the recorder- connector through the two windings of 
the differenliial relay 1157. lli2(F') energises. 

12. If the first rcvorder is idle, 1112(F) and R12'(IIC') energise. If two subserihcrs call 
at the same time, both will he in [larallel on this recorder, but the first to dial ait impulse will 
associate tlu* teconler directly with his liiu*, and the other will b(‘. transfi^rred to the next idle 
recorded. t ^ , 

'14. (Mrciiit iO is switched to circuit 14 by relay R12 energising. R14(F1C0) energises 
and o})ens one of the parallel paths to 1112. 
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*15. R.12 energising ennneets battery to tlio recorder. All K15 relays (BKl to 0) 
ertlTgise. '• ^ 

10. R16(D|^') and RrO'(D( ^2) •energi.se. 

17. Ak^crnat^ve circuk/ fdr RIO aijd RIO'. 

18. R18(RSR) energises. 

19. Lamp L19 glows. 

20. R20(jyiK') energises. 

21. Holding ein uit of R20. .RI5(BK') de-energises as the ini]>nlse circuit is open at 

IM2(F'). . , 

The hundreds digit impulses are dialled. It will be a.ssuincd that No. 247 is being 
(ailed. • 

On the first l»rcak of th(‘ loop 115 de energises. Circuit 12 i^ opim and R12 
de-energilies. * 

22. New holding circuit for R14 in wliich is the retaining winding of R12'(RC') to 
asso(Mat(" the rectmler directly with the call(T. Holding circuit of R12(P) and winding of 
H22(BY), which energises and op(‘ns circuit 12, so that no other caller can hav(‘ access to 
recorder Nf). 1. Circuit 20 is of)en, but is replaced by circuit 21. 

22. At the end of the impulse, It 5 enc'rgises and the impulse circuit 12 is extended by 
circuit 22 and R22(MK2) (‘lun-giscs. 

24. Holding circMiit for R22 in which R24(lX/3) energises. 

25. If only (me impulse' is sent, R25 (slow to (uiergise) ('nei'gises over circuit 22 If 
, t hero is mon^ t han one impulse, R25 has not time to (‘n(*rgis(*. 

20. If 1125 energises, then R20(SNB) encrgis(‘s, opens circuit 22 and ndeases the recorder 
and its connector. 

Should more than one impulse b(‘ sent, the second op(ming of the loop causi^s R5 to 
de-energise to open the imi)ulsc circuit 12 - 22, when r(4ay BK2 dc-(‘pcrgises. (5rcuit 21 is 
,oj)en, and R20 de-cmergises, and BK' de-energises over cin'uit 15. 

27. Wheji th(* loop is again closed, H5 re-cmergisc^s, circuit 12 — 22 is comph'ted, and 
R27 (M K 2) energises. 

28. R27 is maintained eiuTgiNcd over 28 — 24 and BK2 de energises. 

l<Y)r additional impulses n'lays .MK and BK 4 to 9 and 0 operate' in a manner similar to 
that dese.rilxid. 

When the hundreds impulse's are eomplek'd, It5 nunains energised, and R25^D(.’') 
energises in circuit 25. • 

29. The hundreds relay R29(1II)5) energises and o])(‘ns circuit 10# Rl(i'(l)(^2) ayd 

H lO(l)JVr) de-energise and open ( ircuits 20 and 29. All the MK relays de-energise, and 
all the BK relays ene^rgise. I)C\2 and DC' de-(^ncrgise. 

^ 20. RlO' re-eiiergises in series with R20(J)M2) over circuit 17 — 10 20. I)(^2 (jyer 

circuit 21 connects eai'th to th(‘ iVIK rtdays. R20(MK') (mergises, and is hyld as btdore. 
BK' is transferred to and held over the impulse wire as before, 

21. Holding circuit of R 29. 

The te/n^s^ digit impulses are vov^ se.ni in. The digit to be called is These impulses 
operate the MK and BK relays,, as before. MK4 and MK5 are epergisM and BK4 
de energises. 

After the impulses R25(DC') energises in circuit 25. 

32. The tens relay R32(TN4) energises and opens circuit 30. R30(DM2) de-energises.. 
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ami circuit 30 is extended to J)M3, which energises. 1)02 de-energi^es and all JiK relays. 
All RK relays energise. R24(L)(^3) de Energises. R25(D0') de-e?jergises. 

33. Holding circuit of R32. 

34. Rl(>'(DC2) energises and earth is eonnected to the MIv relays. MJv' energises and 

RK' is transferred to the impulse circuit. J)M3 energises. * • 

Tlu units impulses are now sent in for digit 7. MK and RK relays respond as before, 
and MK7 and MKS en(‘rgis(‘s and HK7 de-energises. 

After tile impulses R2r)(l)0') again energises. 

35. R35{MC) (mergises. 

3(). Holding circuit for R3.5. 

37. Holding circuit for relays etc. 

g 38. J?38(HJ)M3) energises, and totalising nud/cr energises. 

30. R31)(M('X) and R30'(d'XM) energisi*. 

40. Holding circuit of K3t). Oircuit IS is o[H‘n<‘d and Rl8(RSR) de-energises slowly. 

41. R41 (OTM) energises. 

42. Initially energising circuit tlirough differential relay MOO and R2f)(8NR). ('ailed 
subscriber's line relay R42 and test relay R42'(ITT) eiiergisi*. 

43. Second winding of ditl'erential relay, which jireverits its energising. 

44. Holding circuit of R2()(tSNB). 

Cinaiits 22 and 37 arc open, and R22, R13 and R13' de-cnergise. 

Idle n‘corder'is returned to normal. 

45. 1145(01^^1) energises. 

40. RR4G(ITM), R4(>(IT0), RR4()'(LM') energise. 

47. RI7(L0) energises. 

48. R48(S8) energises. 

49. R49(ILM) energises. 

1)0. Holding circuit for relay IU9 (other ILM relays cut off) if the first circuil is idle. 

51. R51(OL(^), R51'(LL(’), JIR51(IL0) energise. 

52. Holding circuit for R5J, R5I' and RR5I, in which .R52, R52' and RR52 energise. 
R52 opens ciicuit 45, and R45 de eiuagises. R52' opens circuits 4(> and 49. RR52 opens 
circuit 4<», but R40 is held (aiergised in circuit 40'. 

53. Holding circuit for R40, R47, in which R53(LR) and R53'(00) energise. The line 
relay R42 de-energises, ('ircuits 40 and 47 are open, and RR4C'(LM') and RR40(ITM) 
<le-energisc. (dreuit 48 opiuis and R48 d(‘-encrgises. Oircuit 50 open and R49 de-energises 
(pow in o])en cire.iit, so that the next call will energise a relay above). Circuit 51 open. 

54. R54(R(-I) energises and lamp L glows. 

55. Ringing current to calh‘d line and tone to calling line. 

When the called snhscriher ansivers R55 energises. 

5(). The.short circuit about R56(R.TX) is then opened, and that relay energises. 

57. IRJ4 (OR is made slow to de-energise) is then connected to the A wire, so that the 

differential relay R57(IS) energises, the other wdndiiig being insulated. Circuit 55 is 
open. r 

58. R58((.-CO'') and RR58(CCO') energises. Rll(BBS) de-energises. Circuit 12 open, 
and R57(hS) de-energises. 

59. R54 is maintained energised in scries with R59, wdiich energises. 

00. Holding circuit for guard relay RO. 
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* 61. Illi58 extends *t he calfing loop 5 to the speech repeater, and R(>1 energises. Circuit 
5 4s open and R% de-energ^jes. 

62. R62(]VI fi) energisA. 

63. Building circuit It6i:. 

64. .R64(MECO) en^i^ises and joins the trunk through to tlie speech repeater. CMrouit 
59 open, and R69 find Rr)4 de-energise and join the line tlirough at the ringing unit. 

65. R65(^") and R65(B') energise in the loop through the called instrument. 

66. Holdii^ circuit for R64. 

67. Battery is reversed to the calling liiiu, to remove the short circuit on call-onice 
telephones and tfie hke. 

TJie talMv<f cirevif ift now complete. 

. To ^reak Down the Connection. -When the* calliug rec(‘iv(*r is replaced after -con- 
versfUioii, R61*de-encrgiscs, then 1165 and R65', as the loo]) circuit (>5 is open. Circuit i\ 
open, and R6(C) de-energises. (Hreuit 7 open, and R7 de-energises and opens circuits 
10, 11 and 58 to release the connection to the called suhscrilier. 

68. The lamp L8 is short-circuited, and the current through ItRS and circuit 3 thereby 
increased so that the meter M8 operates. M8 short-circuits its front winding and RRS 
is unbalanced and energises. Circuit 63 is opened and R()2 de-energises. Circuit 66 is 
opened and R64 de-energises, to totally break down the (‘onnec^tion. 

// the called subacriher h(t/l been engaged. When the initially energising circuit 42 has 
been built up, it* cannot be coinjilcted, liecause the called subscriber's out-otf relay 53' is 
* energised. R26 will not ent^rgise. 

69. R6tt{»SB) will energise find open the two sides of circuit 23, when current will be 
through one winding of .R57(LS), so that it energises. C-ircuit 58 will be completed and 
R58 energise. R50 will energise over circuit 59- 12- 23. 

70. li70(BB) energises. 

71. ifolding circuit for R1 1 and R71, 

7 St. A busy tone signal is given to the calliug subscriber. 

Tile ditfcrential relay MCO will energise, because it has current through the winding 
in circuit 43 only. This will open circuit 41, to de-energi.se R41. (Circuit 25- 26 is ojien, 
and R35(MC) will open the holding circuit 37 — 39 — 38, to release the recorder and the 
recorder connector. 

Shovld a line become. fanlU/ and the line relay be energised. As no impulses are sent 
ill th(j thermostat will o])erate and open the holding circuit, when the cut- oft’ relay will 
dc-energise. The line relay will be re-associated with the line and will energise. Xlic 
fault relay F (which is energised in circuit 75 and held in 76) wall connect the incoming 
marking wire to an operator or a tone signal, so that a caller wall know' that the line is out 
of order. ^ 

21ie relays DL and MX of the recorder shown unconnected. 1)L is the de^d-lecel relay, 
and, when such circuits are required, an under contact on R16(1)M'), correspo.’^ding to the 
digit allotted to such service, is opened to the HI) relays and the latter wire replaced by 
a wire to the DL relay. DL then res]>onds to the first digit associate^ wdth that service 
and completes a necessary marking circuit. 

• The M.X. {Manual Exchange) relay is associated with lines ti^'* the manual e3?change, 
and is correspondingly connected at R16, according to the digit allotted to that servicb. , 
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IMPULSE AND Si»EK('II IIEPEATER 


Section 77 

IMPULSE AND SPEECH REPEATED (Fig.’l%) 

This is usually introduced at the incoming end of a two-\wii'e trunk, and would bye^ 
used in combination with Tigs. 188 to 1!)5 on a four-digit system. There would be a single- 
digit impulse recorder associated ^\ith the feeder unit and a three-digit recorder associated 
with tliis repeater. 

The repeater would o])erate as follows ; 

After the first digit is called, the feeder is extended to an idle truhk«of the group 
corresponding to the thousands digit called. 

^tr>7 will have a wiiuliug connected to each wire of the loop, so that circuit 12 is extended 
to the repeater at the incoming end, and the impulse r(‘lay JtR12 is energised. * • 

81. The guard relay It 81 energises. 

82. The ini[)ulse einmit is through the differential windings of relay Tt82 to the recorder- 
(^onnector ahd recorder, as deserib(‘d in connection with Figs. 100, 192, 194. 

After th(* rt'corder has ri^eeived the impulses of tlie final three digits, the initially 
(UKTgising cinaiit (42) is effective, as before, to extend the trunk to the ringing unit and to 
connect the (‘ailed subs(;riber, through the subscribers' unit, towards the trunk. 

82'. Th(‘ calh'd ])arty is rung and, after reply, R54 is connected to thcvA wire. K.82 
is unbalanced and-en(^rgis(;s. 

88. 1153 and 1IR83(CC0'' and C(K')') energise. Ri 182 de-energises. 

84. Holding (ureuit of R88 and KR88. 

85. R85(MhL\) energises in series with R54. 

8(5. R8(i energises. RR12 de-cmergises. 

87. Holding einuiit for R8(i, in series with one winding of 1157(18). which energises 
(th(* H wire is insutded). The feeder circuit tluui o])erat(‘s as described in conn(‘f4/ion with*. 
Fig. 190. 

88. Holding circuit for guard relay R8I. 

89. R89(ME) energises. 

!)0. Holding circuit for relay 1189. 

91. R91(]yiEF()) (uiergisc's and the called line is (‘xtended to the speech repeater. R85 
and R54 de-energise. 

^he feeder has been connected through to its syiec^ch rep(‘ater R8f> de-energises. 

, , 92. R92(A') eH(‘rgises. 

98. Holding circuit for R81. 

94. R94(R") and RR94(R') energise in the loop to the called jiarty. 

, 95. Holding circuit for R91(MECX>). 

9(). Feedipg coil M9(), for calling line, connected. 

97. HoWing circuit for R8i. 

The circuit is now in the talking condition. 

To Break Dov^n the Connection. — When the loop is opened at the feeder,^ as described 
for Fig. 190, R92 dercnergises, then R94, RR94 and R8l(n). Circuits stl and 90 are opened 
and all relays return to'liormal. 
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Section 78 

piRcurrs OK a Subscribers’ unit, or sub-group 

The subscribers' invit is iitade up of a plurality f)f subscribers' lines, whicJi are 
with relays, which are the ecpiivaliuit of line switches or preselectors of other systems. In 
a sub-group, of 10 subscribers' lines, each line usually has associated with it six link-con- 
necting relays^ by which coiinectjon nia.\ be made with six or 12 outgoing trunks, and a 
similar num hereof incoming trunks. 

In Fig. 107 six subscribers’ lines are shown, and are made to reprt'sent tlie dilf(u*ent 
services that may be obtained through such a unit. The line A has .full direct sc'rvice and 
[s furnished with a meter. B is similar but has no meter. (’, I), E repres(mt an instaljation 
of tlired exchaChge liiU's to a sub-station. X, Y re})resents a two-jjarty line. 

The subscribers' line wii'os are drawn vertically and intersect six links, only three of 
which are shown in the diagram, ddie links arc* indicated by horizontal lines, the talkitig 
circuit of the third link being numben^d a at different points. This No. T) circuit is 
carried over six (representing 10) subscribers' lines, two outgoing trunks and two incoming 
trunks. 

The circuits are numbered to correspond with thc' key diagram Figs. IHS, 1H9, and 
the opcrationfi involved ina connection are described in schedule form in connection therewith. 
In some casc\s tjie same piece of a])y)ara.tus is identified by two dilferent relay or circuit 
numbers. The lower numbers refer to an cuitgoing call and the higlier ones to an incoming 
call. In Figs. 1H8, 189 the subscribers' unit is repeat(‘d at the outgoing end, and at the 
incoming end of the complete circuit. 

As the connection assumed is over the third link the test relays LM' and LM2 are 
engaged, and therefore, in open circuit, so that, they cannot emergise, and the^refore LMli 
is energisT‘d in circuit .‘k 

lior an outgoing e;all K.4(L( ') is energise*d to connect the‘ two vertical wires 5 of sub- 
scriber A te> the corresjiemding horizontal wires, also markeel 5, e>f tlu‘ third link. Relay 
R3'((yiXJ) is energised tei connc'Ct the link wirevs 5 tei the A and B wires of the* outgoing trunk. 

The holding wire 8 is in parallel ovit all the H.4 relays of the subscribers' lines, and tlmn 
passes directly te) relay RS'(LB) winding, the* eitheT siele e>f which is oonnected in parallel 
to all the windings of the emtgoing and incoming trunk-conne*cting relays R3' anel R4(>, 
the erne energised then extending this circuit to the out or in holeling wire H. 

MW is the marking wire eweu- which the* initially ene*rgising enreuitsis e^eimplete^d em an 
ine^eiming call (as, e.g., circuit 42) on lim^ X, 

The lines A and B operate in a similar manneT. 

• The lines (\ 1) and VI have* a commem elirectory number l)y which they may be called 
successively, say, for elay sei vice, anel have e*ach an individual number by which any particu- 
lar line may be called, as feir night wenking, when one or e)ther e)f the (jffices might be closed. 

It wdll be* seen that if relay F em line ( ' is energise*el, the marking wire MW is B\yitch(*d , 
through toTlic line relay of the line I), over circuit a. If V and 1) are both busy, the wire 
a will be further exfended, by tJie wire tei the line relay of the line E. If th^ three F relays 
are energised, but one energisation is due to a fault (when the associated cut-off relay CO 
will be de-energised), a signal will be given at a fault desk. 

For individual calling, marking wires arc connected at the points marked d. 







Fig. 107. — Oi*kkating ('mrriT of a SrcsomBERK’ Link' Sub-group (K. A. T. (fo.;. 
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• The Party-line — When circuit 46 is extended, as shown, the relay PL does not 

energise, and tl^e coiiiieidipn will be extended to tijie telephone X. J1‘, however, eirewit 42 
is extended to the lower^narkiTig.wire MW, the relay PL will energise, be held in the third 
eonduetoj circtiit, and tJte oonneetionHlie extended to tlie tek‘])hone Y. 

• • • Special Testing .-^Vilh two outgoing and two ineoniing trunks pei“ link, it is necessary 
to test all the trunks in a vt‘rti(^al line over relay OTTl or over 1TT1 (Pig. 11*7), before the 
second set ot trunks are tested. Relays 1) and TPH are introduced for t his piirjiose. The 
operation is as^follows : — 

For an C)nt^oiny Call. 

2. When the line relay energises on a call, relay OTTI energises, •and the testing 
^^eeds as before described. ^ 

• When all^he trunks over the O'J'Tl relay art* busy — 

2(e). Relay R2e(TCH) will energise, the circuit being over all the bat^k contacts of tlu* 
relays LM, and by the return path. 

{d) Holding circuit for relay T(^H. Circuit 2 is optui and it^lay (VJ'Tl de-energises. 

{e) Relay Re(OTT2) energises, and the second set of trunks art^ tested as before. 

For an Incoming Call. 

42. 1142(b) energises for a call over iVIW. 

42'. R42'(ITT1) eiv'rgises and tht* LM relays test as before. 

If all the incoming trunks ovit relay rr'Pl are busy — 

(/) Relay TCH energises. 

{({) Holding circuit for relay TCH, Circuit 42' op<*n and ITTl de-energises. 

(g) R(‘lay Rg(J'rr2) energises, and the test ])roceeds as befon*. 


Section 79 

A THREE-DIGIT FINAL STAGE (Figs. 198 199) 

A grou]) of, say, 00 trunks has access to a group of l.OOO subscribers' lines. 

In the diagram (Pig. lOS) each (*ireuit is represented by a single line. 

The incoming trunks, marked JT, are shown in four sub-groups of four lines. There 
may actually be four sub-groups of la lines or six sub-groufis of 10 lines, or the like. 

Extending tlu* incoming trunks to the subscribers' unit links are three sets of !?hort 
lines or links, which may be called first, second and third links, each set beitij^ divided #n to 
sub-groups. 

At the^ioint f)f intersection of incoming trunks to tir.st links, a relay Hr)l(OL(y) is fitted, 
as indicated by X'». If there are 10 lines in each direction there will he lOU relays at that 
plaint. Between the first and second links there is only a relay ]yi.5l^LMJ) at eiyjh inter- 
section of corresponding liries, so that there are only 10 connecting rebuys for eacli* sub- 
group, shown by X’s placed diagonally. Between the second and third links there is agafh 
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a s({uare of 100 relays KRr>l(lLr). 'I'hese tliiVd or ineofiiing links*are multiplied ovef a 
plunflity of subscribers' groups R47. The third or iueoming liriks are corjiected with the 
corresponding links of the subscriber’s unit by relay R42', whith is energised when an 
incoming call is made. ^ 

Fig. lOS is a diagram of t he circuit showing how^ such an •irrange men t is operated.^ 
The t(^sting and holding circuits only are shown, the lino (»r talking circuit being eliminated, 
so as to simplify the diagram. The actual talking circuit is shown in Fig. 191.^ 

When a relay K41(OTM) is energised all the relays 1145(()LM) of a sub-^roup energise, 
say 10, and each (connects 10 wir(‘s to a sub-group of 10 links to battery. 

When the relay K42' at the subscribers' unit is (uiergised (see Fig. ISO)^ six of the 10 
third links art‘. extended to six links of th(‘ subscribers' unit and a relay, corresponding to 
Rlv4|j', energis(*s (d(*peiiding on what links are husy. in a manner deserihed for, Fig 197). 
A eorrtisponding relay H H4()(ITiVl ) is encTgised and completes a circuit 4N so tlrtit the common 
relay R4S(SS) eiiergis(‘s. Tliis C()m})letes a circuit 49 to energise a relay 1149 (in the manner 
desetrihed for Fig. 191) so that an R5F(LL(*) relay at the point of intersection uiay operate. 

When relay RR4()(ITM) energised it* connected 10 relays RR51(1L(T vertically over 
ITM t-o hat-ttTy, and tlie rday R49(ri^i\1), which has been energised det(‘rmin(‘.s which one 
is t-<) energise ov<‘r circuit 51, The line from RI151 is eonneeted in parallel with 10 wires 
at relay 1149, but only one of these is eonneett^l, through RhROLC!), fo earth at R41(()T]M). 
The holding circuit 52 is then established and the initially energising eiieuiWdisconnected. 
This latter circuit# is only esta[)lis}ied momentarily. RH52(nTl) establiijhes the holding 
circuit 53 for the relays in t he siihscTibers' unit. * 

These circuits should be read in eonneetion with the k*»t‘y diagram Fig. 191, in which 
corr(*s])onding symbols ar(‘ used. 
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Section 80 

SXiSTEM OF I'hE* COVEN^IHY AUTOMATIC TELEPHONES, LTD. 

% 

This system, that of the North Electric Manufacturing Comjiany of tiie riiitetl States, 
sonietinies called the Clement Antonianual System, has heen in use for some years in the 



Flo. 200 . — Sklki’Toh \.\i) (’onni'ctok (('. A. T.. L.td.). 

I nited Stales, jirincijially as a seini-antoniatie system. It is to he used^in tjiis country as a 
fill/ autoinatie system, and isto he installed in Dundee for the Post v*)ffice. * * 

Complete circuits for this automatic .system are not yet available, buf sufficient is'dis; 
closed in the antomanual circuits to show what the system is capable of doing and how it 
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operates. The manual features of this system Sn* not shown here, lAit will he (Jealt witli in 
the semi-automatic section of Vol. 2 

Fundamentally, this system is similar to the 8trow^**r systonr, in that It uses a two co- 
ordinate 100-line switch as selector and (‘onnecdor. *This swit(?h, »owever,^itiake!» the rotary 
inovement before the vertical one. 'J'lie j>rincipal a(ivantajf<‘ of tJjif^h; that the hank terinhiab 
(Fig. 201) are on edge and, therefore, jiresent less surfaee fm which dust can accumulate. A 
perspective view of this switch is shown in Fig. 200. The switch takes 10 steps in a rotary 
direction and 11 in a vertical direction, giving an actual ea})acity of 110 lin^s. In the con- 
nector, tl)^" I’otary motion is for tlie t(*ns digit and the vertical for the units.^ 

Among other advantages claimed for this design are 

The vt‘rtical rotary and rel(‘ase magnets are alike, interciiangeahle and easily removahle. 
The -armat urf‘s of the magnets move on adjustable knife-etlg(‘ hearings. (Viiled •j)iano-wire 



Fh;. 201.— Smj <(’toh Hank (F. \. T.. I/ro.). 

springs return the armatures to tfieir normal position. the pitch of the screw-thread is 

slightly difterent fpmi the normal pitch of the s])riiig convolutions, there results a binding of 
^.tiie spring on the sen^w' which effectively prevents the serew^ from working out). The 
magnet coils are each l)ridg(‘(l by a small flat condenser to jirevent sparking, and these are 
attached directly to the (‘oils by clips. * 

A selector or eonneetor with its associated apparatus is mounted on a ribbed steel plate 
(shown in Jdpj. 2o2). '^Fhe switch riu^chanism may he removed by undoing hair machine 
screws. The connections are carried through contact .springs to facilitate this. At the 
bottom of each switch plate there is a row' of miniature knife-blade sw'itches^by means of 
which the various circuits may he o})cned or closed for tc*sting purposes.# 

Alb aiixiliafy .s^itcji (Fig. 202) called a di’Stnbuiivq switch^ is used for primary con(^rol, 
jjuard circuits, party-line frequency selection, key-set registers and sequence determination 
on operators’ senders. 
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r?fe iiiagiiot 


20-jK)iiit switch having rotary motion only, there being no release or return, 
is iniiereluingejii)le with that on the two-motion switches. ^ 



Non -numerical or Preselector Switches. Them* 
are cf the line-finder lyjx*, but do not hunt. They 
consist entirely of relays. In Tig. 204 is shown an outline 
of such a switch or combination, to show the fundamental 
idea of operation. It may not correspond in detail to that 
described in the later diagrams. Th(* switch consists of 2(> 
relays, 10 associated with a tons digit and 10 jjissocaated 
with a units digit. Ten relays close 31 contacts, for 
10 X 3 lines, and a holding circuit", and the other 10 
relays close four contacts. The 10 multi-contact I'^lays 
may be said to have 10 lev els of contai‘ts, and from the 
diagram it will be seen that each level is connected t (3 
contacts of dilToront relays on the second set of relays, 
which are all wired in multiple to a trunk lint*. When a 
four-contact r€*lay is energised the trunk lint* is e.xtended to 
the wires of a level, and when a multi-contact relay is 
cn(‘rgist*tl that })articular lint* at the point of intt‘rscction is 



202. -A (;()NNKtT(at IJwiT t'ld. 20:{ — DisTiiiccTiNd Swrn ii « 

1’latk (C. a. T., Ltd.). (C. A. T., Ltd.). 

jonnected to the trpnk. Other nine lines are connected to insulated wires [)y the multi- 
jontact relay. Two rohxys must, therefore, be energised for a connecvtion„ and each^^line 
•elay has two contacts for this purpose, wired to the particular relays of the switcfi which 
;omhine to connect that wire to the trunk. One talking circuit only can be complcte^d a> 
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a time over hik^Ii a switeli, and 10, f)r other required number fftr the traffic, are provided, !8ind 
meafis to exteiid the code wires from swljbcli to switch as they becfiine busy- • 

It will thus be seen that there is no limiting or finding the calling line, instead, that each 
line has a predetermined code by which the switch is^* operated to CiJnnect with a galling line. 

Fig. 205 is a perspective view of tlie multi -contact relay. Elk;!! contact consists 
phosphor-lironzc blade adapt(‘d, when the armature is attracted, To slide up between two 
german-silver springs. ITiis form of relay has proved most successful in practice. 

Fig. 200 shows the smaller or leaf-spring relay. The air-gayi is adjust^ible by moving 
the (;ore in the frame, wht*r<^ it is lield by a heav}^ lock niit. The armature extension, which 
causes the movement of the sjirings, points in the same directii>n as the springs, *so that a small 
air-gap is sufficient. , 

UrtF. Relays 



The ayiparatiis is mounted on steel frames iu bays or jianels. Kig. 207 shows a panel 
200 line and eul-off relays, two sets of relay preselectors and two sots of first selectors. 

The line and cut-off relays are assembled in vertical rows on the lower right hand portion 
of the frame. To the right of these are the relay line-lindcrs or preselectors. These relay 
sw itches are assembled in vertical rows. The first group switches with associated relays are 
nu^uited on the u])per part of tht‘ frame. The first group switch is associated directly with 
the first liue-findor and is not accessible to other line-finders, assuming there are no second 
line- finders. ^ 

At the top is ‘fitted an apparatus fdate supplying fuse proteotioq and alarms for the 
various^circuitsr • ^ 

,The power V?ads to the various circuits originate at the fuse plate, and are carried in 
treated kiln-dried poplar conduits. The leads consist of Nt>. 10 bare tinned copper wire, with 
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terminal cli^s properly* spaced* for the circuit taps> Each branch circuit is supplied with an 
irtflividual cut-emt and fusom‘lay for alarms. Both visible and audible alarms are provRled. 



• 2(K“..--^Mui/n-('eNT\(T Uelaa ((' A T. Ltd) 

Second T;roup Selector Bays. — Each has a (;a]meity for Si> second s(‘le(dors, two 
plates bein^ usc(4 tor fuse protection and int<‘rru])ters. 



FKi. — i j-:ai -SuHiNo 1?i:i.\y ((’. A. , I/ro ). 

Connector Bays.- 1 Ik* unit has a capacity of 44 connectors. coniu'.ctors are 

tyther for single station lines, or. for 4, S or lb ]>arty lines, as they ojicratc on the terminal 
per line basis. 
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Secfion 81 

. OPERyflON OF.piE AUTO-MANUAL SYSTEM 

The opcrat/ir- con trilled nia(hint*K witching system employs trunking means between 
minerieal groups of subscribers’ lines, in a manner similar to the subscribers’ controlled or 
lial type of machine switching. The essential variations in the general trunking scheme are 
he provisions made whereby an oiierator assumes control of the functions of the switching 
nechanisms insVad of the subscriber. The extent of the provisions are governed by traffic 
'ecpiirements^ aftd tlie geographical relations between the switching mechanisnB and the^' 
iperators’ positions. 

Nomjnally, the units of trunking are : line-finder, first selector, connector, apeondary 
Ind. tertikry trunks and ojierators' keyset. Assuming an originated call in a 10,000 line 
system the apparatus w'ill operate as follows : — 

A line-finder trunk connects directly to tlie calling line, without a hunting acting, but by 
fixed preferences due to the numerical position of the line in its sub-group. A secondary 
trunk will then connect directly to the lineffinder, with the same indilfenmees due to its 
numerical position. The tertiary trunk will now connect the se(‘ondary trunk to the keyset 
before an idle operator, A preferenct* is usually insiu’ted at this })oint to predetermine 
which idle operato?*, als(.) which keyset on her position, shall receive the call. The time 
taken in selecting an idle keyset is about half a second.* The arrival of the call is indicated by 
a calling huttp, whereiipbn the operator dejiresses her answering key cand i'ceeives the number 
of the called linjc‘, do^ireAsing the digits on her keyboard as they are given. Upon depressing 
the start button current of j)reper polarity ])asses over the tertiary and secondary trunks to 
a fi^st s(‘l(‘ctor associated with the line-finder in use, causing the first selector to rotate its 
wipers horizontally. The keyset mechanism registers the number of ste])s tak(*ai until 
they coisrespond to the digit depressed in the thousands row on the operator’s key- 
board. The driving current is now^ removed from tlfe horizontal to the vertical driving 
magnet, and th(‘ first selector swfitcli lifts its wapers verliiuilly, to contacts leading to the 
second selectors asscafiated wfith the thousands suli-group in which the (railed line is to 
be found. • 

Busy s(Hrond seh'ctors pn'sent positive potential to the lest wi])er of the first sidector, 
causing it to pass on. Ufion reaching an idle contact, as indicated by no potential, the first 
seleetor is stopped, extending tlu* calling circuit to the idle second selector. 

Driving current is now' jilaced to the horizontal magnet of the second selector, Causing 
it to rotate in accordance witii the ke/ depressed in the hundreds row^if the keyset, ^he 
second selector then tests vertically in a manner similar to the first. The second selector 
will come to rest on contacts leading to an idle connector, associated with tlie hundreds 
sub-group containing the called line. , 

Driving current is then placed to the connector sw itch, first rotating ‘wipef^ in 
accordance with the tens key depressed, and then lifting its wipers vertically in accordanc^^ 
with tkc ulfits key. 

Should the cailed line serve more than one subscriber, the ringing frequency switch is* 
t^ien rotated to the proper kind ot ringing current, and ringing begins imTnediately#l>y means 
of a ringing interrupter associated with each connector. 

As soon as the key set has registered the last digit the secondary and tertiary trunlts , 


A.T.S, 
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release, removing the operator's control from the established connection, and permitting the 
HocoifUary and tertiary trunks and the keyset to be used by another iine-firder. The tinie 
consumed per call by the switch operating mechanism vauies froih 6 to 10 seconds. 

The calling subscriber controls the disconnect foi; the line^nder, and first and second 
group switches. 1’he called subscriber controls the disconnect ox the connector switch. 
Either party may free himself at any time from the l)uiJt-up conn»"(;tion, and immediately 
recall an operator by operating the switch hook. 

The system is operated on a 4()-volt battery. 


Section 82 

CIRCUITS RELATING TO AN AUTOMATIC SYSTEM 

Eigs. 208 to 21 1 inclusive show the circuits for a four-digit syi^ein. Impulsing is from 
an operator's position, hut in full automatic practice would be from the subscriber by dial 
in the usual way ; but the necessary modifications arc not shown. The circuits, however, 
show the operation of a preselector, ftrst and second group selector and a coniif^ctor, and, 
therefore, give a gopd idea of this system in automatic working. 

'File circuits and their operation are as follows : — 

1. Receiver of, say, line 1 1 lifted, and R' energises (Eig. 2(^8). The line relay is normally 
adjusted to operate through a resistance of 1,000 ohms, but not to operate through 3,000. 
The line relay of)erates three contacts, two to ojxeratathe })reselector, and the third to operate 
a guard circuit, common to this particular sub-group, Inch provide a time period for a one 
motion switch, the wipers and bankbontaets of which are denoted as boUonu nvkhlle and iop. 
This swiUdi serves the following purposes 

(rt) Should a calling line fail to be seized by a preselector within a predetermined period, 
th(^ switch will operate and shift the starting wire to the line finders, tluis permitting the 
next trunk to hunt for the calling line. An alarm is sounded when this time limit is ex(^eeded, 
or when the group is overloaded. 

(b) It shifts the starting point to line-finders during normal pauses between calls, thus 
equalisTng tlu^ load and wear on lino-finder trunks. 

(c) It shifts thq critical point in the line-finder (Control circuit, and serves to equalise the 
natural preference in line-finder selection, due to the numerical position of the calling line. 

2. Guard circuit R2 energises. 

3. Locking circuit of R2. 

4. R4 eiicxgises. 

5. R6 energises and opens the normally closed circuit 0. If RO is de-energised for a 
sufficiently long period it closes an alarm circuit to indicate that the calling line Lu.s not been 
seized within the prescribed time. In normal operating RO is prevented from releasing its 
armature because the preselector seizes the calling line •at about the time R5 energises. 
These relays arc slow to release, and R4 remains energised for k short period after R2 has 
de-energised. 
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0. Motor magnet eifergiseK. 

7. en^giHes.* ^ 

8. R8 energises and prevent^ the continued energisation of tii(‘ ct)ntrol switch magnet 
over circuit O.i 

0. cTrcuit Tor control switcdi magnet, referred to above. 

M6 de-energises, cifcuit 7 opens, and R7 and R8 {ie-energis(‘. 

M6 de-energising moves the wipers om* step. Due to this displaceuuuit of the bottom 
and middle wipers a line belonging to the first group of 10 lines, to which the present calling 
lino is assumea to belong, (jannot'initiate a call unless no ( all is being initiattal in the* other 
sub-groups (rf fines. The lines belonging to the second sub-grou]) will hav(‘ tir^t choice oT 
initiating calls. This is so bec^ause, as will be seen later, th(‘ ttuis rela\^ H 10 (‘annot coniphTe 
the circuit for R13 unless all the tens grouj) relays arc* idle, whereas th(‘ sct“()nd**tens relay 
*may c<#ihplettf the eiuTgising circuit of the next Rl‘l relay, .serving t h(‘ second sub-group of 
lines irrespective of the condition of the other group relays. Due to tlu^ displacement of the 
middle wiper, the primary selector being consider(*d cannot b(‘ selecU^d unl(\^s no call is being 
initiated in the group. Another [)res(‘leetop controlled by relay 21' will be selected, with 
preference, upon the initiation of the next calL 

10. Tens control relay RIO energises. There are 10 su(;h relays, 'rheii* function is to 
prevent interference^ between simultaneous or nearlj^ simultaneous c,alling lines. 

11. Rll energises. 'I'he wire 10 to the back (contact is common to all tJie line relays 

belonginj^ to this particular tens group : in this instSnee, lines 11. 12. 12 10 and 10. The 

opening obtMrcuit 10, JuSd the like, preveiits other tens eontr(»l relays fnm* r(*ceiving energising 
current from their respective^ groups of line relays. 

12. Locking circuit of RIO. 

Earth is connected through the wiper and bottom bank coptacts of the guard switch. 

* This is connected t hrough a series loejp so that if more than on(‘ tens control r elay bt* energiscMl, 
•that neiurest to the wiper contacts will be energised only. 

12. R13 energises. 

14. Circuit 14 extended to the units control relay R14 (otfier liiu* relays of this same 
tens group that may be energised are also (*xtend(‘d). There are ten units control relays. 

IT). R15 energises and prevents other control relays from becoming energised and })laces 
ground to the wiper marked top, which is in contact with a .^tart wire. 

16. R16 energises (Kig. 209). 2'his is a control relay for a j)artieular line-tinder trunk. 
It carries 10 energising circuits from relay R12 and 10 from Hd4. These wdres tu'c mul- 
tipled to similar contacts on R16 relays of all line-tinder t runks .serving this j^articular, 100 
lines, but the start wire only starts the line-finder selection relays belonging to the j)ar- 
ticular line-finder trunk determined by the position in which the oni'-way control swi^tdi 
happens to stand. 

There are 10 R17 relays associated with each line-finder trunk. Each earners three 
wires from 10 siibscTibers. These wires are multipled to corresj)onding relays of other 
switches. There are 10 relays R18. it will be seen that the operation of one R17 and on%^ 
R18 will (?9nnect a trunk f-o one particular line of a sub-group. 

17. R17 energises. 

18. Rl8 energises. 

19. The calling line is extcjided to an outgoing trunk. Rl9 bnergises. 

20. Cut-off relay R20 and R20' energise in series. 
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21. Holding circuit of HI 7. 

2j. Holding circuit of HI 8. 

H' de-energises and the control circuit is released. 

Rif) de-energises and shifts the start wire from trte top bank to 'the next available line- 
hnder. The sluggish relay R2r) prevents the extension of the staiSj wire before the coni; 
pletion of the line-tinder selection. 

23. R23 energises. 

24. Holding circuit of R23. 

25. R25 energised after Rl<>. 

2(). Circuit from VON contact to operators' desk circuits. 

The ojjeration of secondary and tertiary switches to <;onnect up the operators’ key- 
boards will not be dealt with here. The reader is referred to Vol. 2 for these. 

When the number has been n^ceived, set u]) on the keys, and the start key depressed 
to call the party wanted, then 

30. R30 energises to o])cn the line circuit to the (;aller, and associatt\s tlie energising 
circuit of the first group switch with tiu* u})})e. side of the secondary talking circuit. 

31. R31 energises. 

32. R32 energises. 

33. Rotary Jiiagnet RM33 cnergis(‘s. 

34. R34 eiK^rgises. CinMiit 32 opened and R32 de-energises, and in turn RM33 and 
R34. Thi‘ first group switch has now rotated its wij)ers one stej). (knaiit 31 is agrin closed. 

Th(‘ first grouj)’ switch and the register at the desk now step bi unison. While the* 
sender register is restoring to nornuil the following is taking pla(!(‘ at tin* first group switch 

At the first encTgisation of R31, R32 energised and retains its armature attracte^d for 
a short tiin(‘ after the d(‘-energisation of R31. Upon the e(‘s.sation of the rotary driving 
of the fii>it grouf) switch, the circuit for It 3 1 cannot be r<‘closed when th(‘ relay K34 becomes 
(h*-en(Tgis(*d and R32 d(‘ encrgis(‘s. 

35. R3r» energises. 

3(). R3(} energises to o})cn the circuit to the caller. 

37. Vertical magiu't Vi\137 energises. R34 energises, and in turn o])ens the circuit to 
the vertical magnet, thus causing the first group switch tc) lift its wiper:: one ste]). The 
w i})ers (1 and c arc now in contact with the test wires leading to the first second -grou]) switcli 
of the, say, fourth thousand available to this j)articnlar first group switch. Should this 
second grou]) sv\ itch be busy, tlie test contact will present fiositivc battery to wiper r and 
niaivtain thodockiiig circuit 3S of relay R35, thus continuing earth over (iircuit 37 to the 
vertical magnet. Vpon j’(*aching an unearthed second group switch, R3r) de-cnergises, and 
tie* first grou]) switch wi]jers come to rest and extend the talking circuit to the idle second 
group switch. R3f), which opened th(* line circuit while the a and h wipers w^ere passing 
over - busy lines, now de-energises. Wlien the wipers were lifted v(*rtically the contacts 
VONl are opened. 

39'. R39' energises and is then held over circuit 39 and R39 energises. 

40. Karth is cpniiected to the test terminals of the second group switch to make it 
test busy to othpr switches. 

Opetation of Second Group Switch and the Sending of Hundreds Impulses 

210 ). 

41. R41 energises over th(’ a wuper of tJie first group switch. 
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42. energises. 

43. Rotary magnet iyvr43 energises. 

44. R44 eijcrgises. ^(?irouit 41 is opened and the second group switch moves its wipers 

one slej> in a rotary diroctidn. • 

The sluggish relay R42 does not de-energise when R41 pulsates during the rotary 
motion. When the driving current is removed ]>y the sender, R42 de-energises. 

45. R45 energises. 

4(>. R46 ewergised wlien the switch ihovod out of its normal position. 

47. Holdiijg circuit for R4f) over circuit 40. R45 now^ energises. 

4S. Verfieal magnet VM48 energises. R44 energises over circuit 44. 

Circuit 48 is opened, VM48 de-energises, lifts the wipers one ste;j> vertically, and tests 
^or an idje connector, in the. nuinner as dcscribe<l for the first grou]) switcli. 

4<,f. R44 energises. 

50. R45 is maintained (‘iiergiscd over the t(‘st wiper and terminals of busy trunks. 
ROI^ contacts arc closed. 

51. R51 energises during the stepping ‘operations to open the liiu*. Upon reaching 
an idle coilnector K45 de-energises, then K5] and wipers a' and // extend the talking circuit 
to the coniu'ctor. 

52. Earth to wi<i)er d and terininals to busy the cinuiit. 

ft 

Connector Operation and Sending of Ten* and Units Impulses (Fjg. 211). — 

55. The. seifder fuijt tions as before and R55 energises. 

5(1. Rotary magn(4 RM5() eiuTgises. 

57. R57 energises and opens the sender circuit. This is rej)eated. 

58. R58 energises aftcT R55. 

5t». R50 energised after R58. 

(5r(^iit 55 is opened and R55 de-energises for a. period long enough to allow R58 to 
de-en(*rgise. • 

So. Locking circuit for 1150, so tliat it does*not d<*-ene?'gist‘. 

()1. ROl energises. 

(>2. Locking, circuit for K(’)I. 

(5rcuit 55 is again closed and .Ii55 energises. 

()3. Vertical magnet V]VI(i3 lifts the wipers vertic^ally. the inlerrii]>tion of the magnet 
circuit being controlled by the relay R57 over contact 57', as before. AVhen the selection 
is comi)leted, K.55 de-energises and prevents tin* further movement of the connector. •During 
the })ulsating of H55. Rfil is locked <A'er R58. Uj)on the ])ermane/it d(‘-energisatiofi of 
R55. K5S de energises, thcMi ROI. 

Selection of Party Line Kinging Current. R.55 is eiuagised, then R58. 

04. R04 energises. 

(‘)5. (\mlacts VO^l being elosed, the imdor magnet of the ringing st^lcwtcV .R<7Tll05, 
energises g-nd, hy the ageney of R57, interrupts its own eirenit. T)ie ringing selector is m 
one- way switch, having thr(*e wijiers and thr€*e sets of eontaets, marked bottom, mvfldle. and ^ 
toji. The bottom (;^ntacts select tjie kind of ringing current, th(‘ miWr/ff^wi]u^rs eo/mect earth 
tft the proper side of ttie liiu' whilst ringing, and the lop wipers an* used to r(‘store the switch 
to normal. The ringing selector switch is ctmtrolled from the Cey hoard. After riftgi^g^ 
Rr)5 de-energi.ses, then K58 and R04. 
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Testing of the Galled Line. — If the called line is idle, then full battery potential is 
connoted through its cut-off relay to the test terminals. t ** 

06. H60 is energised when the top wiper of the ringing eelector i^ moved otJit of its normaf 

}>osition. • c 

07. The test contact is momentarily to the winding of the test relay 1167. 

A busy line presents a positive potential to energise the high resistance relay R67. 

08. R08 energises. 

09. 1168 locking circuit. Busy signal given to caller who then replaces bis receiver. 

When the called line is idle, the test wipers receive negative battery and R07 does not 

energise. 

70. R04 presently de-energises and th(‘ marginal relay R70 energises. 

71. 1^</71 energises in series with R7r, and through the agency of R72 cause', the sue-, 
eessive opening and closing of the circuit, whereby the relay Rgr?! is intermittently operated. 
This relay rotatt‘s a shaft carrjdng a set of cams, shown as Nos. 1 to 8 directly above the 
motor coil. Its functions arc, first, to phw^e current to the called line fr)r a certain period, 
and in so doing remove the battery potentials* from the line circuit ; secondly, to discharge 
the line periodically, and, thirdly, to place the battery ]K)tentials (o the line during the silent 
period of the calk'd f)arty's Ix'll. J hiring oiu'-half of each revolution of the shaft the cams 
3 and 4 maintain their contacts closed, completing a circuit from earth, through a 20-cycle 
or a 00-cycIe generator (depending upon the displacement of the fiarty line^switch), the 
bottow wiper. th(r contact of. say, (^am 3. the lower armature and baeje contiv:‘t of i‘elay liS7, 
W'i[)er 3, the associa'Kxl terminal and th<‘ 1x41 of the called .station to'^carth. Depending on 
the ])osition of the bottom and middle wipi'rs, one of the ringing currenl generators is con- 
nected to the tip or ring side of th(‘ line, whereby one of the four-party line stations may be 
signalled, to the exclusion ef tlie others. 

(hin 0 controls the sending of a ring back tone to tht* caller, to inform him that the 
called party's bell is being rung, ('ams 3 and 2 open and close* the* talking circuit during the 
ringing and silent pe'riixls respectively, and cam 5 discharges the line during each revolution 
of the shaft, (^am 8 ensures tin* return to normal of the shaft. The above-mentioned 
processes cemtinue until the* calleel party lifts his re*e*.civer, e>r the calk*r replaces his. 

73. Assuming that tlie e*alk*d jiarty answ(*rs, R73 energise's. 1159. Rdl, R71' and R72 
release and also ope*n tlie cireuiit to the ringing internij)te*r, so that it cemu's to rest in its 
iHumal jxisition. 

Wl»t*n the operator’s controlling eejuipmeaif is di.sconnccte'd R30 anil then R39 de- 
enei^isc. talking circuit is then e*onij)letc. 

When disconiuH‘tie)n is elesire'd the subscribers replace the receivers. 

"Release of the Equipment Controlled by the Caller.- When the calling line is 
opened R19 de-energises, then R23. 

R8() epergis(‘s. 

81 . Locking circuit of HSO. 

82. R82 energises. 

83. Release magnet energises and restores switch to normal. 

When the iv\titch is restored to normal, and before RbO has time to de-energise, .RON 
contacts open the locking circuits 21' and 22' of the preselector relays R17 and R18, to 
lel-ease the calling line. R20 and R20' de-energise, also R80 and R36. 

At the second group switch R46 de-energises. 
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84. iy>l energises. 

85. Relea* magnet ejiergi.ses and restores tha switch to normal. 

Contacts RON are ojlfened ajjd RM de-energises and circuit 85 opened. 

Release of Equipmeift ControH^d by Called Party.— The connector does not release 
Mfntjl the called receiver is replaced. When the line is open R7S de-energises. 

86. The ringing .selector, with the co-operation of R57, causes the rotation of the switch 
BgM66 unta the top wiper reaches its normal position, when R66 de-energises and opens 
the circuit 86.* 

^ / Circuit 67-Tf-70 is opened and the COR and R70 de-energise, and the called line is free. 

87. R87* energises. • 

88 -+ 86. Release magnet energises. The connector is restored to normal when it 
j'eaches ijts zero position, contacts RON are then opened, R87 de-energises and*opens the 
rele'ase circuit. 

Release when the Called Party is busy is similar to the above, hut the connector 
automatically returns to normal. 

Ti67 is operated on a busy line, as described. R()8 energises and is locked over 
circuit 69. 'R73 is not energised, circuit 87 is closed and RS7 energises, and completes the 
release circuit when R66 de-energises, as described. R68 is unlocked when the wipers of 
the second sjleetor leave the connector test terminals undrr control of the caller. 
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Section* 83 

INTERIM BRITISH STANDARD TERMS AND DEFINITIONS ifOR USE IN CONNEC* 
TION WITH AUTOMATIC TELEPHONE sVsT^^MS * • ^ 

• • 

I’his interim list of terms ami definitions has been prepared ifn conjunction with the 
British Post Office, the Telephone IVlanufactiirers’ Association, and the Relay Automatic 
Telephone (.'o., Ltd. * ^ c 

It includes, with a few exceptions, only those terms on which agreement has l^een 
"^feached after correspondence with the American Engineering Standards (.^omfnittee. 

The Panel is cotttinuing its work and a more complete list will be available at a later 
datt\ Ev^ry effort is being made to arrive at agreement with America in rcgarc^ to thes^ 
terms before inclusion in th(‘ British List. 

Terms and Definitions.- - 1 . A Manual Telephone System is one in which the calling 
party gives his order to an ojxTator who completes the call directly by hand either with or 
without the assistance of other operators. 

2. A Full Automatic {or Full Mechanical) Telephone System is one in wdiicli'the calling 

party is enabled to complete a call without the aid of an operator by switches remotely con> 
trolled. • ' ^ 

3. A Semi-Automatic {or Semi-M e^hanical) Telephone System is one in which the calling 
party gives his order to an ofienitor wiio completes the call by switches remotely controlled. 

4. An Exchange {U.S.A. (^entrul Office) is a switching centre ^ir interconnecting the 

lines which tcnninati' therein. , . 

T). A Private Branch Exchange {Ahlrreviation P.B.X.) is a telephone systcmi, installec^ on 
the pnmiises of a subscrih(‘f, including a switchboard and extension sets, and connected to a# 
main exchange, affording rntercoinmunication between the extensron sets and also^ between* 
these sets and the main exchange. • • , ‘ 

(i. A Private Automatic Branch Exchange {Abbreviation P.A,B,X>) is a private lii’anch 
exchange worked wiiolly or in part automatically. 

7. A Private Exchange is one which serves a business or other organi^sation and is not 
connected to a public exchange. 

H. A Primte Automatic Exchange {Abbreviation P.A.X.) is one which serves a business 
or other organisation and is not connected to a jiublic exchange. 

9. ^Jqui}mie'nt is the automatic switching plant and its accessories, including the switch- 
boafds used ftr junction and other manually operatt^l traffic. 

10. An Operating Boom is a room of an exchange in which the manual part of semi- 
aufomatic operations is performed. 'Phis term also ajiplies to the room housing the switch; 
board used for junction and other manually operated traffic at a full automatic exchange. 

11. Aw Audo Boom is a room of an exchange in which the automatic plant is located. 

12. A Manual Switchlmird is the })art of the equipment jirovided to enable the manual 
work of the operating room to be jierformed. 

‘ 13. ^ Miilti-Efchange System {U.S.A. Multi-Office System) is a^ network of local 

exchanges^. 

• * This list is re|)roduc<Ml*froiii Interim British Standard Tctiiis and Definitinns for u.se in connec- 

tion with Automatic Telephone SysU*ins-No, LIU— 1920 — by permis,sion of the British Engineering 
Standards Association, 28, Victoria Street, S.WM. 
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14. ^ Subscriber s Set {t^.S.A. Sub-Skt) is an ass^inbl}^ of apparatus for ta’iginatiiig and 
deceiving telepjione iy conjunotion witli an cjichange. > 

• 15. A Subscriber's Sltliion (ll.S,A. SulhStation) is an installed subscriber's set connected 

to an e^^angjL* (Publi^ oi* Private J?ranch) for the purpose of originating and receiving 
telephone calls, • 

16. A Public ('all Office (l^.S.A. Pay Station) is a sub.seriber's station available for the 
use of the pjiiblic on the f)ayinent of a fee. 'Hie fee may be either depositinl in a coin box or 
paid t6 an attendant. • 

y 17. A Subscriber's Line is tlTe wire conneeiioii between a subscriber's station and the 
exchange. • * * 

18. A Direct Line (U.S.A. hulivUlual Line) is a subscriber's linj:^ which connects one 
subscriber’s station to an exchange. It may have ^>ne or mon* extension sets. , 

• Ilf. A P(frty Line is a subscriber's line which connects two or more sul>sei-ibers' stations 
to an exchange. 

20. A Reverting (.'all is one betw<‘en two stations on the same ]>arty line. 

21. A Calling Party is one who originat(f^ a telephone call. 

22. A/Vi/W Ibirty is on(‘ who is required by the calling party. 

23. Busy is the condition of a line or apparatus when it is in use. 

24. A Calling Hevice is an apparatus by means of which automatic switeht*s arc remotely 
controlled f4r th('pur})ose of establisliing a conn(‘ction. 

25. A Dm! is a calling device by means of which\he calling party controls the switching 

mechanism. • > 

26. Dialling verb to dial ") is the act of majiipulating a dial. 

^ 27. A Key Set Call SenrIeT is a calling device by nf(*ans of whi(*h an operatin’ manipulating 
keys controls the switching mechanism. 

28. A^'run/i- is the^wirc c^mnection l)etwcen switching devices in the sanu‘ automatic 
exchang<‘, ’^Fhe connection between two exclianges is ternn*d a “ junction." 

• 26. Trunking is an adjectival derivative from the term “ trunk," r.r/,, “ trunking scheme.'' 

30. A Selector is an automatic switching machine. 1 

31. A Wiper is that f)ortion of the moving mend)er of a scl(*ctor which engages with a 
bank contact. • 

32. A Bank is an assembly of fixed contacts with which the moving nuunber ol a selector 
engages. Banks are usually multi[)led. 

33. Impulse Action is the oj)cration of finding, by means of elc(!trical im})ulses, the called 

line or group of lines. ^ ^ 

34. Hunting Actum is tin* opiTation of a st‘lector in moving its wiper to its position of 
contact with an idle line in a chosen group of trunks or lines. Bunting action is autonvJ^ic. 

• 35. Finding Action is the operation of a selector in moving its wiper to its position of 
contact with a calling line connecU'd to its bank. Finding action is automatic. 

36. A Pre-Selector is a selector w hicli connects the calling subscriber’s fin^^ and ad oiit- 
going trunk. 

37. A l^roup Selector is a selector which chooses a groiij) of trunks h^y impulse action and^ 

subsequently cho<>ies an idle trinik iji the group by hunting action. , ^ ^ * 

^ 38. A Final Selector i^^a .selector to the bank of which are connected subscribers’ lines. 

A final selector moves the w iper from its position of rest to its position of contact by impulses 
action. 



282 


MIITISH STANDARD TERMS AND DEFINITIONS* 


39. A Private Branch Exchmige Final Selector (Abbreviation FinaJ Selector) is ^ 

selector which in addition to the standard operations of a final sel^tt>r, finds %>n idle Private 
Branch Exchange junction by hunting action. 

40. A Line Finder is a preselector electrically conneeted so as Jo ogprate b^findvfg action. 

41. Level. The contacts of the bank of a group selector, whic^J taken collectively are 

found by a definite impulse action. The contacts in a level are generally (but not necessarily) 
arranged horizontally. (Contacts similarly arranged in a final selector arc also collectively 
known as “ lev^l.'' ^ 

^ 42. A ^eqnence Switch is a mechanical device lor making a number of electrical conta0lfts, 

in a definite order. A sequence switch is frequently employed to effect the change over 
conditions of selectors^ 

43. A *MaHter Switch is a device whicli controls electrically or mechanicaljy or Iiy both » 
means a group of pre-selectors. 

44. The Positive Side or Positive Wire ( > Wire) and Negative Side or Negative Wire 

(— Wire) are the wires of a telephone line within the exchange premises associated with the 
automatic equipment. The -r — wires are respectively connected with the positive and 
negative poles of the exchange battery when the line is idle. • 

45. T side or T Wire (Tip side or Tip Wire) and R side or R M ire (Ring Side or Ring Wire) 

^ are the internal wires of a tel(‘phone lin(‘ associated with a manual switchboard. “ T ’’ and 

“ Jt ” wires aic connected respectively |o the ddp and Ring contacts of a jack or plug or to 
corresponding points. 

4(3. .4 Wire audVi Wire an* the wdnss of a telephone line exteriuvfto^the exchange pre- 
mises. ^ , 

47. Telephone Traffic. By telephoiK* traffic is meant the number »)f t(‘leph()iie c^ls 
considen'd in bulk. 

• 4S. Telephone Tmjfic tUiit is t he unit adoptisl for the measuremcMit of the traffic carrying 

cajiacify of telephone jilant. It is dofiiu'd by the relation : • , 

A ('Fraffic Units) (' ((’alls in a specified period) X T (average duration of a* call 
expressed as a fraction of the specified period). 

Notk — (^/) Th(' “ busy hour " is the “ sjiecified jicriod '* for U, unless (ftlierwise stated. 

(b) In practical calculations A bears tiu* tliree following meanings, each of which has its 
special field of usefulness, viz. : — 

(i.) A - total circuit time occiqiied in carrying (■ calls f)f an average duration T. 
*(ii.) A — Average number ()f calls originated during the spccifietl period in an 
^interval of duration T, 

(iii.) A -- Average juimber of calls in progress simultaneously during the specified 
period. 
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Telephone Systems 


Manufactured by the Western Electric Co., pioneers of 
the Telephone industry, art! in efficient operation the 
world over. 

These systems have been produced after many years of 
d^dopment work by our engineers, and*represent the 
most notable contribution yet maej^ to the solving ot 
lthc evolution ot the telephone switching problem since 
the^ introducticMi of the Western b'Jectric Central 
Battery system in 1896. ^ 

The Company is prepared to study any given telephone 
area or^ any 4rarticular exchange and to assist the 
prospective customer in choosing thj^t form of system 
most suited to his- particular conditions. 

Moreover, the Company places at his disposal competent 
aj.itomatic telephone engineers and experts who will 
assist him in determining the most economical, as well 
as the most efficient, system for the improvement ot 
his telephone service. 


MAINTENANCE REDUCED TO A MINIMUM. 

Western Electric Company, Limited, 

Works : N. WOOLWICH. E. 16. 

AND AT BELFAST, BIRMINCfJAM, CARDIFF. GLASGOW, LEEDS, MANCHESTER, 
NEWCASTLE, SYDNEY, JOHANNESBURG. BUENOS AYRES. 
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Telepho^e and TelegrapK 
Engineers «aiid Students. ‘ 


, AUTOMATIC TELEPHONE SYStEMS. Bv^ William -ftitkin, 
M.I.E.E., A.M.I.Am.E. 

Vol. II. of thi*' book 111 picpaiation, aii<l v\r shall lx f'latl U> aiiiiouiuf its publu atioii to anv one intcri'strd 
as soon as the IkmiK is i(‘ad\ . ^ 

THE THEORY OF THE SUBMARINE TELEGR.^H ANEJ 
TEL'fePHONE CABLE. By H. W. Malcolm, M.A., Ph.D.; D.'Sc. 

Com I MS. - Matkciiiatu al Kccapitiil.ition flu* J*uiidaiiii‘iita1 ( ablr Constants 'rraiisini I and IN riodif 
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STUDENT’S GUIDE TO SUBMARINE CABLfe TESTING. 

By H. K. (', Fisher and J. ( Darby. * % 

( oMi MS, I’xplanatioii of lerins -Simple I esting joint kesist.mce and Shun«i I'lie iVuL'eisal Shunt 
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of \\’heatstoiie Budge filial r.itfein). ' ^ 

244 pages. SlzeSJ'VSr'. Price 10/3 post free. ’ 

BEGINNER’S MANUAL OF SUBMARINE CABLE TESTING 
AND WORKING. By G. M. Baines. 
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‘ COjSmON battery telephony simplified. By Walter ' 

Atkins. 


rills book is essentiallv one foi the ja.i. ta.il ni.in .iiid tin niodein student. This, the fouith i(liiion, h.is 
be< n thorougliB leviscd and brought up to date, niaiiv nxMlern methods being fullv ilhislr.it(‘d .uid des( iilx d I In 
bdik will be published carlv m .August and a iiotifie.ition sent to an\ one inteiested. 
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Automatic Tdephbne Manufacturing . 
I , J| ’ Company’s f^rfvate •Automatic Exchange 

’ •• . (STROWGER SYSTEM). 

TheBi^are^t pt*es«t fifty time^ as many Exchanges equipped with Strowger 
^ type Automatic Apparatus as with that of all other Automatic Systems • 
combined : Philatjslphia, the largest Automatic Installation in the world, 
47,000 ^Telephones, is on the Strowger System. 

Leeds, the largest British Exchange, is equipped with Strowger Apparatus, 

^ as are al^ Portsmouth, Blackburn, Paisley, Newport, Accrington, Cfhepstow, 
Epsom, •G.P.O. (London), etc. * 

Exhaustive tests extending over 30 years have proved the entire reliability 
of J^trowger Automatic Telephone Equipment. • 
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'llilK 25 -Line StrowRer Automatic Switchboard Incorporates special conference 
facilities, and can be adapted for C^ode Call, Watchman's Service, etc. 

We can furnish Installations of any desired capacity, to meet all conditions of sejvTce. 
h'riJ. DESilUP! IVh: P AM PULE 1 OS PEQUEST. 

AUTOMATX: TELEPHONE MANUFACTURING. LTD. 

ffh'AD OFFICE AND W ORK^ : • LONDON OFFlCJi: 9 

Milton Road, Edge Lane, 60, Liticoln’s^Inn Fields, • 

LIVERPOOL. . LONDON. W.(2. 2. 

Telephone No. : OLD SWAN 102. Telephone No. : HOLBORN 170 



'I'his 18 v8p«cl- r 

ally suHfd for Piivate 
Automatic tjf/a.nch £x- 
cAan^es, ftivtnilt kiitcr- 
rommuKlCMtlon nvlth 


Mini, 


Instantancoua connec* 
tion and dlsoonnection. 
Cleat speech. - Seem 
conversation. Rella- 
lity. tWo wlrea 
only. 
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50 -IiINi; Swi rCIIBOAKIl (30 LINI.S INSrAl.I.Ll)), 
ONi; Covi K Kl MOVM>, SIIOWINf, Rl- LAYS. 


T he Authorities mentioned below obviously would not instal the Relay Auto> 
matic Telephone System without making a thorough investigation of the 
^claims piade for it, and satisfying themselvesfjhat these claims were fully justified. 


,'l he Aihniralty 
The (inlisli (hher 
The India OHire 
The (oDimouwealth Auslrali.i 
Anglo-Mexic.in I’elnilonin Co , Ltd 
ChelsCH ^iispUal for Women. 

Ammiiuum Plant & Vessel to, Ltd., 
Loudon, 

J'lducatioiul Supply Ass<M’i.dioii, London 
(11*0. I'ox & Soils, H.itlev. 


N.ilioiul llospil.d for I’.ualvsed 
I'.pileptu h 

(iH-at NortlMTU Central Hospital. 
Uarday’s Bank, Ltd 
t laytoii, Sr»n .V ( o , 1 mis 
lleklaV) Tyre ( o . Brenllord 
1 Ixirnton Marixlen & < o , Honley. 
Mellish Kirhardson, Ltd , la*eds 
North British Steel Works, Slielheld. 
D.ividsiui \ Svme, Lalinhurgh. 


Kiniaid & Co , Ltd., Engineers, (ireenock. 
l-iimess Shiplnnkling Co., Ltd., Havertoii 
Hill-on-Tirs. 

H. Milward & Sons, Kedditeh. 

Hull Oil Maiiiifaeturing Co., Ltd., Hull. 
Hass, Katrlid & ftrettoii, Ltd . 

British Dyestuffs, Ltd. 
i:iv Papt'r Mills, Cardin. 

Powell Duffryn Steam t oa^ t o , Ltd. 

The London Hospital, and others. 


THE RELAY AUTOMATIC TELEPHONE CO., LTD., 

ci^ML Marconi House, Strand, London,* W.C. 2. 



. Semi-Auto Kxciianc.j: at Siockhoi.m for l,(XX) Lixi-.s. 

Pl'BMC hxCHANG) s ARP IN CoUKsi- OF CoNSTP^'CTlON POP IHI. liRl'Ilftll I’o^T 
0r7ici;, Tiir India Oriicr, tiii Socii i a Adria i ica 'I’m, mom, Romi,, j tc. 


From THK Al^pROSSAN I>RY DOCK AND SHIPBUILDING CO., LTD. 
Shlp>’ard, Ardnisaan. January 15th, 1921. 

Dear Sirs, 

/ haru ito hi''>ttalum tn Ihiti <tn iiitt'r,lfp<ntnu‘nt<ii teh'phonr ivslem, ttuh 

us n proL'ultJ by your partuular system, is » neiewily in modtrn tt-nrks. With pjty lines here, lee have 
an uveraae of <«//i per week, and xt lan easily be imaf'iited from that how mmh tme is HiweU, and 
ho’.i' iHuih more prompt nttention is gwen to vanous points that arise in the loursi of the business of a 
plan this size. 

With regard to the meihanual sute of your insiallatian, ,11 hate no fault to find with it ; it has proved 
Itself thorouf^hlv tillable during tiu tinu nr foru had 'it, no, > si \teen months, and vp to all that v«i( 
stated . 


installalian, „ i hate no fault to find with it ; it has proved 
ve han had 'it, no,, sisteen months, and up to all that v«i( 


froiii EDWARD BOU.^TKAD & CO. 


1'19, l^eadenhall Street, 
London, E.C. 


November 25th, 1920. 


Dear Sir,- 

The htelay Autoniatn I elephone System, whuh has now 
been installed in our lAindon offue for some turlve months, has given us 
I nitre satisfaition. 

I he scri'uc has been unijurmly good throughout, and u e have no 


f he seri'ue has been uniformly good throughout, and u e have no are very pleased to report that iiv have nof hi^^ne single f^ilt 

4 hesitation tn saving that, in our eipenenn, thi Kelai Automatu- during the twelve months, with the esieption oj iiu^de line Jams, 


} row MESSRS. GEORGE FOX ik SONS, LTD. 
Stjj^inclfffe, Dev^bury. 3lBt January. 1921. 

Gent., 

Prom fanuary i^th, when you tell out Hetay 

.Intomatie J'elcphone Installation, to January i,\th, in^i, nuliisiv^^ 
our meter registered io,€i 4 j ealls. 

.i s you are aware, only iq hues arc in commission , .showing an aveiagc 
of tails per line for the first year. # 

11 > are very pleased to report that we have nof hi^^ne single fiuilt 


I elephone 'system has proved to hi quite the best tn iverv wav. 


From CONTRACT DEPARTMENT, ADMIRALTY. 
Avenue Houae« 

21, Northumberland Avenue, ' 

London, W.C. 2. January 7th, 1921. 

Gentlemen,' • 


whifh were due to the severe gale at the ^ul of fanuars . 

I he installation has proved enftrely satisfactory in every respeif. ^ 

#• 

From THE SOUTH LONDON HOSPITAL FOR WOMEN. 
South Side, 

Cl^pham (Ximmon. S.W. 4 . November 18th, 19S0. . 
Dear Sira, a 

/ have pleasure tn stating that thc^^loy AMomatt0^ 
J elephone System installed at this hospital has gtvnt,and is giving, 


I have to inform you that the Relay A utomatn 7 elephone entire satisfactwn. We find the installation a dn ided time saver, and ’ 
System tnstu'^^f^at the K.S. College, hreetiwuh, is quite sutisfaetory. « convenience from ii'ery point oj view 

i * 

THE RELAY AUTOMATIC TELEPHONE fO., LTD., 

Marconi House, Strand, London, W.C. 2. * oSTm? 
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BENN BROTHERS, LIMITED, 

8, BOUVERIE STREET 
LONDON, E.‘G. 4. 
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